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SUMMARY 


Subject.  Tbia  report  covers  teats  conducted  by  the  Engineer 
Eeaearch  and  Development  Laboratories  as  requested  by  the  Depart¬ 
ment  of  the  Navy.  Funds  were  provided  by  the  Bureau  of  Aeronautics 
for  the  ERBL  to  determine  the  effect  of  hydraulic  pressure  on  the 
fire  extinguishing  characteristics  of  fog  foam;  and  to  determine 
experimentally  standards  of  performance  for  fog  foam  nozzles. 


Investigation .  Performance  teats  were  conducted  with  all  the 
fog  foam  nozzles  under  consideration  and  subsequently,  fire  teste 
were  made  with  several  nozzles  having  various  percent  foam  yields. 
The  fire  tests  were  carried  out  for  the  purpose  of  comparing,  corre¬ 
lating,  and  evaluating  the  performance  tests  results  with  the  actual 
test  fires .  Throughout  the  entire  investigation,  the  foam  solution 
contained  6  percent  of  foam  liquid  by  volume.  From  these  studies, 
standard  procedures  in  tising  different  types  of  fog  foam  appliances 
were  developed.  The  nozzles  which  produced  the  highest  foam  yields 
and  had  the  most  effective  nozzle  pressures  for  use  in  fire  fight¬ 
ing  were  ascertained. 


Conclusions.  The  report  concludes  that  the  fire  extinguishing 
effectiveness  of  fog  foam  nozzles  is  Indicated  by  these  standards  j 
(l)  foam  yield  percent;  (2)  rate  of  application;  and  (3)  water 
content  of  foam  (6  to  9  expansion)  output  in  gallons  per  minute. 

The  teat  procedure  set  forth  in  the  screening  testa  (par.  l8)  is  a 
satisfactory  means  of  evaluating  the  fire  fighting  effectiveness  of 
fog  foam  nozzles.  On  the  bases  of  the  foam  used  and  the  nozzles 
employed,  the  most  effective  nozzle  pressure  was  between  200  and 
300  psi.  Aspirating  type  nozzles  produced  higher  foam  yields  than 
did  the  non-aspirating  type. 


Recommendations .  The  report  recommends  that  the  standards  of 
performance  and  the  test  procedures  (pare.  17  and  l8)  he  adopted  hy 
the  Department  of  National  Defense  for  use  in  the  design  of  fog 
foam  nozzles  and  in  their  evalxiation  for  fire  fighting. 
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I.  IHTR0DT3CTI0N 

1.  Subject,  Tbia  report  covers  tests  conducted  by  the  Engi¬ 
neer  Research  and  Development  Laboratories  as  requested  by  the  De¬ 
partment  of  the  Havy.  Funds  were  provided  by  the  Bureau  of  Aero¬ 
nautics  for  the  SIDL  to  acconqplish  the  following: 

a.  Determine  the  effect  of  hydraulic  pressure  on  the 
fire  extinguishing  character. is  tics  of  fog  foam. 

b.  Det0rmln.e  experimentally  standards  of  performance 
for  fog  foam  nozzles „ 

2.  Authority.  The  authority  for  conducting  this  investiga¬ 
tion  is  contained  in  the  following: 

a.  Letter  from  the  Chief  of  Engineers  to  the  Engineer 
Research  and  Development  Laboratories,  file  ENGEC,  dated  5  January 
19^9,  subject:  Test  of  Fog  Foam  for  Airplane  Crash  Fire  Fighting 
(Project  8-76-01-001,  Authorized  Investigations,  Fire  Fighting). 

b.  Interdepartmental  Government  Order  from  the  Bttreau 
of  Aeronautics,  Department  of  the  Navy  to  the  Corps  of  Engineers, 
Department  of  the  Army,  dated  2  December  19^,  subject:  CRD®  HAer 
00806.  APPRQP'H  1791502.005,  Aviation  Havy  19h9,  Acct.  59831, 
Bureau  Control  No.  6IOOO,  Program  56IA. 

c.  Letter  from  Department  of  the  Navy,  Bureau  of  Aero¬ 
nautics,  Washington.  D.  C.  to  the  Engineer  Research  and  Development 
Laboratories,  file  %576,  Aer-SE-51,  (15  June  k9)  dated  15  June 
19^9,  subject:  Fogfoam  for  Fire  Extinguishment  -  Evaluation  of. 

d.  Letter  from  Department  of  the  Navy,  Bureau  of  Aero¬ 
nautics,  Washington,  D.  C.  to  the  Engineer  Research  and  Development 
Laboratories,  file  50215,  Aer-SE-31,  NAER-OO806,  (50  June  ^9)  dated 
50  June  19^9,  subject:  Test  of  Fog  Foam  for  Airplane  Crash  Fire 
Fluting  (Project  8-76-OI-OOI,  Authorized  Investigations,  Fire 
Fighting)  0 


e.  Letter  from  Department  of  the  Navy,  Bureau  of  Aero¬ 
nautics,  Washington,  D.  C.  to  the  Engineer  Research  and  Development 
Laboratories,  file  95^^68,  Aer-SE-31,  (22  Sop  49)  dated  22  September 
1949,  subject:  Fog  Foam  for  Fire  Extinguishment  -  Evaluation  of. 

f .  Letter  from  Department  of  the  Navy,  Bureau  of  Aero¬ 
nautics,  Washington,  D.  C.  to  the  Engineer  Research  and  Development 
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Laboratories,  file  211^956,  Aer-SE-31  (2  Dec  49)  dated  2  December 
1949,  subject:  Fog  Foam  for  Fire  Extinguishment  -  Evaluation  of. 

Copies  of  these  letters  appear  in  Appendix  II  to  this  report. 

3.  Terminology.  The  following  definitions  describe  technical 
terms  iwed  in  the  report: 

Water  fog.  A  finely  divided  spray  of  water. 

b.  Foam  liquid.  A  concentrated  hydrollzed  protein  liquid 
conforming  to  Specification  JAN-C-266,  5  August  1946,  entitled 
Tiechanical  Foam,  Type  5*” 

0.  Foam  solution.  A  dilute  water  solution  of  foam  liquid. 

d.  Foam.  An  aerated  mass  of  bubbles  generated  from  the 
foam  solution. 

e.  Fog  foam.  Foam  in  spray  fona  discharged  frcm  a  water 
fog  nozzle . 

f .  Expansion.  The  ratio  of  the  volxime  of  foam  to  the 
volume  of  foam  solution  from  which  it  was  produced. 

g.  Breakdoro.  The  collapse  of  the  foam. 

h.  Drainage.  Yolume  of  foam  solution  separating  from  a 
given  volume  of  foam. 

i.  Drainage  rate.  The  average  volume  in  cubic  centi¬ 
meters  of  foam  solution  drained  per  minute  from  the  first  to  the 
fourth  minute  after  the  sample  was  collected. 

J.  Twenty- five  percent  drainage  time.  The  tiiae  required 
for  drainage  of  one  quarter  of  the  foam  solution  from  the  foam. 

This  criterion  was  developed  by  the  Naval  Besearch  Laboratory, 
Washington,  D.  C.^ 

k.  Stability.  The  resistance  of  foam  to  breakdown. 

l.  Foam  pattern.  The  actual  ground  area  covered  by 
falling  foam  as  expelled  from  the  nozzle. 


1.  Naval  Besearch  Laboratory,  Engineering  Besearch  Section,  Chemis¬ 
try  Division,  Beport  on  Foam  Standardization  Methods,  2b  April 
1948. 
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184-5-108 

Fig.  1.  Burning  Field  was  su'bdlylded  into  three  test  sites:  A,  water  fog 
screening  site;  B,  fog  foam  screening  test  site;  and  C,  fire  test  site. 
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m.  Foam  blanket.  The  total  ground  area  covered  by 
falling  and  flowing  foam  at  the  end  of  a  specified  time  interval. 

n.  Foam  yield.  Percent  ratio  of  the  measured  foam 
volume  to  the  theoretic&Ll  or  calculated  foam  volume.  It  is  calcu¬ 
lated  as  follows: 

where 

7p  •  Volume  of  foam  pattern 
Vg  ■  Volume  of  foam  solution 
Bg  =  Average  expansion 

This  term  is  synonymous  with  nozzle  efficiency  in  converting  foam 
solution  into  foam. 

o.  Theorethical  foam  volume.  The  volume  of  foam  calcu¬ 
lated  by  multiplying  the  quantity  of  the  foam  solution  used  by  the 
average  expansion. 

p.  Hozzle  pattern.  The  included  angle  of  discharge. 

^0  Background.  The  primary  objective  of  airplane  crash  fire 
and  rescue  operations  is  to  save  life.  To  accomplish  this  purpose 
as  rapidly  as  possible  and  with  minimum  risk  it  is  necessary  to 
utilize  agents  which  quickly  reduce  the  Intensity  of  the  fire;  pre¬ 
vent  developments  of,  or  reduce  high  tanperatures  within,  the  air¬ 
craft;  and  provide  protective  atmosphere  for  personnel  and  equip¬ 
ment  during  rescue  operations.  Xbtil  quite  recently  water  fog  and 
carbon  dioxide  were  used  almost  exclusively  for  the  purpose,  singly 
or  in  combination.  However,  these  agents  provide  ik>  protection 
against  reignltlon  and  are  rapidly  losing  favor  to  mechanical  foam, 
especially  for  rescue  of  victims  from  large  aircraft. 

Mechanical  foam  applied  as  a  solid  stream  to  a  gasoline 
fire  has  Immediate  extinguishing  effect  but  does  not  provide  the 
necessary  protection  for  personnel  and  equipment  during  rescue  oper¬ 
ations.  On  the  other  hand,  mechanical  foam  applied  as  a  spray  ex¬ 
tinguishes,  affords  protection  against  reignltlon,  cools,  and  pro¬ 
vides  a  safe  working  atmosphere  for  the  fire  fighting  personnel. 

Most  of  the  foam  crash  trucks  presently  in  use  are  con¬ 
verted  water  fog  tru<dt»  which  were  designed  for  puitq)  pressures 
ranging  from  500  to  800  psi. 
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No  prevloue  studies  have  been  made  to  determine  the  true 
function  of  limits  of  latter  pressure  at  the  nozzle  itself,  in  gener¬ 
ating  and  spreading  fog  foam.  It  has  teen  suspected  for  some  time 
that  with  water  fog  nozzles  the  foam  decreased  in  quality  at  higher 
pressures.  The  optimum  pressure  at  which  the  "best  quedity  fog  foam 
was  produced  had  not  been  determined  prior  to  this  investigation. 

5-  Personnel.  R.  C.  Navarin,  Project  Engineer,  Pire  Appar¬ 
atus  Section,  supervised  the  tests  which  were  conducted  under  the 
direction  of  James  M.  Hayden,  supervisor.  Fire  Equipment  Test  Area, 
Eehee  Field,  assisted  hy  the  following  test  fire  fighters:  Frank 
Chudacek,  James  L.  Allen,  Conrad  Korzendorfer,  Charles  W.  Dean, 
Edward  Marosy,  Chester  F.  Owenhy,  Carroll  Mahon,  Edgar  Eel^. 

Consultation  on  the  project  was  provided  by  J.  E.  Malcolm, 
Chemical  Engineer,  Fire  Apparatus  Section. 


II.  INVESTIGATICBJ 

6.  General.  The  overall  plan  of  tJle  tests  was  directed 
toward  the  two  objectives  listed  in  paragraph  1  of  the  introduction. 
The  first  objective,  to  determine  the  effect  of  hydraulic  pressure 
on  the  fire  extinguishing  characteristics  of  fog  foam,  was  accom¬ 
plished  by  conducting  initial  performance  tests  of  all  the  nozzles 
under  consideration,  and  was  followed  by  large-scale  pool  fire  tests 
with  selected  nozzles  to  verify  the  results  of  these  tests. 

The  second  objective,  to  develop  standards  of  performance 
for  fog  foam  nozzles,  was  attained  on  the  basis  of  an  evaluation  of 
those  factors  found  during  the  investigation  to  have  a  critical 
effect  on  nozzle  performance. 

In  order  to  acconqplish  these  objectives,  it  was  necessary 
to  determine  the  performance  of  different  types  of  fog  foam  appli¬ 
ances  at  various  pressures,  and  to  develop  standard  test  procedures 
which  woiald  give  reproducible  results. 

Throughout  the  Investigation,  the  type  of  foam  liquid  re¬ 
mained  the  same,  the  foam  solution  containing  6  percent  of  foam 
liquid  by  volinne.  Protein  base  (JAN-C-266)  foam  liquid  was  used. 

7*  Nozzles  Tested.  The  nozzles  selected  for  these  tests  in¬ 
cluded  representative  types  for  the  production  of  fog  foam,  foam, 
and  water  fog.  Some  of  these  are  currently  in  use,  while  others 
are  experimental  models.  The  following  types  are  represented: 

a.  External  impinging  Jets,  solid  cone. 

b.  Internal  imq>lnglng  Jets,  solid  cone. 
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0.  Centorlfugal  hollov  ooxui. 

cL.  Adjustable  boUov  oone. 

e.  Stral^t  stream  aspirating  with  faa*shaped  dlffusor. 

f.  Adjustable  boUov  oone  vltb  aspirator. 

A  coogyplete  desoriptloa  of  the  nozzles  vhloh  were  tested  Is  presented 
In  Appendix  II. 

8.  General  Test  Condi tiona  and  gaollltles .  Weather  oondi- 
tlons  were  a  major  fanior  affecting  the  final  r^iilts  since  the 
tests  were  carried  out  orer  a  perlc^  of  one  year.  Therefore,  xio 
testa  were  conducted  when  the  wind  Telocity  was  orer  8  nph,  when 
rain  was  falling,  or  when  the  ambient  temperature  was  below  freez¬ 
ing.  The  test  area  and  equipment  used  are  described  in  the  follow¬ 
ing  subparagraphs: 

a.  Test  Area.  The  Burning  field  is  an  area  of  approxi¬ 
mately  100  acres  located  on  the  outer  boundary  of  fort  Belvolr.  It 
la  equipped  to  handle  all  types  of  fire  tests  of  equipment  ranging 
from  hand-operated  extinguishers  to  large  mobile  units  haring  an 
output  of  approximately  2000  gpm  of  foam. 

In  order  to  permit  an  extanslTe  yariety  of  tests, 
the  area  is  subdivided  into  several  test  sites,  for  the  purpose  of 
this  investigation  one  large  section  of  the  Burning  field  was  laid 
out  into  three  test  sites  as  follows:  water  fog,  fog  foam,  and 
burning  pools  (fig.  l).  A  closeup  of  the  fog  foam  site  is  show  in 
fig.  2. 


To  facilitate  measurement  of  the  foam  blanhet  and 
pattern^  an  area  l80  feet  wide  by  110  feet  deep  was  marhed  out  with 
stakes  at  10-foot  intervals  in  order  to  fom  the  grid  (fig.  2). 

b.  fgulpment  Used  in  Teste.  A  list  of  equipment  used 
to  condaot  the  fog  foam  tests  follows: 

(1)  Class  155  crash  fire  truck  fitted  with  pumping 
equipment  having  rated  capacity  of  500  gpm  at  500  psl  (fig.  5). 

(2)  2^- inch  double- Jacket  rubber- lined  fire  hose  in 
50- foot  leingths. 

(5)  [IVo  Sohutte  and  fjoertlng  Ibiiversal  fiotometer 
floameters  with  rrapectlve  capacities  of  250  and  500  gpm. 
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iFlg.  4.  Flovneters  azid  foam  propox*tloxiliig  equipment  assesibly 
mounted  on  two-wheel  trailer.  Flowmetere  were  connected  to 
main  water  line  with  manifold  for  quick  Inter changeability. 
Foam,  proportloners  necessitated  complete  removal  and  replace¬ 
ment  into  main  water  line. 


l81t.-5-727 

Fig.  Stationary  pump  unit,  oaiq>rlBed  of  Hale  centrifugal 
pump  vlth  capacity  of  75O  gpm  at  125  pol,  drlren  ty  Hall 
Scott  horizontal  engine.  Model  13^/  rated  at  lUO  hp  at  28OO 
rpm,  supplying  pressure  In  vater  system  at  test  enrea. 


Fig.  6.  Setup  of  equipment  to  detezvlne  voter  fog  pattern  produced  ty  noEzle  under 
test  at  Tarlovie  preesuree.  Bfozzle  dlaoharge  bae  been  euperloposed  on  black  screen 
graduated  In  square  feet. 
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(4)  Two  Hale  foam  liquid  proportionera  with  respec¬ 
tive  capacities  of  120  and  500  gpm.  Items  5  and  4  were  mounted 
on  a  two- wheel  trailer  (Fig.  U). 

(5)  A  stationary  unit  comprising  a  Hale  centrifugal 
pump,  of  750-gpm  capacity  at  125  pel,  driven  hy  a  Hall  Scott 
Model  No.  156  horizontal  engine,  supplied  the  desired  pressure 
to  the  water  system  of  the  teat  area  (Fig.  5). 

(6)  Sta:adard  laboratory  equipment  for  the  evaluation 
of  foam,  including  graduated  cylinders,  and  glass  beakers. 

(7)  Drainage  apparatiia  consisting  of  l400-ml  drain¬ 
age  pans  2  inches  high  by  7  3/3  inches  inside  diameter  with 
drainage  spigot  and  a  drainage  stand  with  6.5  percent  slope. 

(8)  One  anemometer  and  one  hygrometer. 

9-  Nozzle  Performance  Testa.  Each  nozzle  in  turn  was  mounted 
on  the  turret  of  the  test  truck  and  was  tested  to  determine  nozzle 
pattern,  foam  yield,  foam  pattern,  drainage  rate,  and  range.  Two 
teat  sites  were  set  up,  water  fog  and  fog  foam. 

a.  Conditions .  All  nozzles  were  tested  with  water 
alone  to  determine  the  nozzle  pattern  as  observed  against  a  verti¬ 
cal  grid.  For  those  pattern  tests,  all  the  appliances  were  posi¬ 
tioned  at  the  end  of  the  horizontal  axis  of  the  vertical  grid.  Sub¬ 
sequently,  the  same  nozzles  were  supplied  with  foam  solution  at 
varioiis  pressures  in  order  to  obtain  pertinent  data  concerning  the 
type  of  foam  produced.  For  the  foam  tests,  all  25-lnch  nozzles 
were  placed  on  the  tiirret  of  the  test  truck  and  were  set  12  feet 
above  the  ground  in  a  horizontal  position.  Bumper  t^e  nozzles 
were  similarly  mounted  5  feet  above  the  ground  and  1^-lnch  hand 
lines  were  placed  4  feet  above  the  ground  to  simulate  actual  fire 
fluting  conditions. 

b.  Procedure .  The  nozzle  performance  tests  were  divided 
into  two  phases  based  on  the  type  of  extinguishing  agent  used,  water 
and  foam  solution. 

(1)  Water  Tests.  In  these  tests  the  nozzle  pattern 
was  obtained  at  pressures  of  from  100  psi  to  500  psi  for  each 
sample.  The  nozzle  pattern  was  observed  against  a  verticeil 
grid  board  (Fig.  6)  and  a  photograph  was  made  of  each  run. 

From  these  photographs  the  pattern  and  qualitative  fog  density 
was  observed  for  each  nozzle  and  pressure. 

(2)  ,  Fog  Foam  Tests.  The  test  equipment  was  set  up 
as  diagrammed  in  Fig.  7>  Chit  A  represents  the  equipment 
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Fig.  9«  This  screanlzig  test  was  oonduoted  In  still  air,  zero  vlnd  velocity.  Foam 
pattern  la  clearly  visible  on  grouzid,  and  Its  boundaries  are  vell-deflned.  Note 
coarse  fog  foam,  produced  In  comparison  to  that  In  Fig.  8. 


16 


mounted  on  a  trailer,  while  Uait  B  represents  the  equipment  on 
the  Class  155  fire  tinick.  During  a  run,  water  was  pun^jed  from 
a  reservoir  hy  the  stationary  Sale  centrifugal  pump  (l)  through 
the  rotometer  (2)  or  (3)  depending  on  the  flow  rate,  and  the 
Hale  foam  proport ioner  (4),  either  the  120-  or  500- gpm  model 
depending  on  the  flow  rate,  where  the  foam  liquid  was  picked 
up  from  the  calibrated  drum  (5).  The  foam  solution  passed 
throug^ti  a  Siamese  fitting  (6)  through  2^ inch  fire  hoses  (7), 
to  a  second  Siamese  fitting  (8),  into  the  Class  155  fire  truck, 
where  the  pressure  was  boosted  to  the  desired  value  by  the  pump 
(9}*  Pressure  was  indicated  on  the  gage  (10 )  located  on  the 
fixed  turret  (ll).  The  nozzle  (12)  discharging  the  foam  solu¬ 
tion  was  mounted  on  the  end  of  the  turret  (Pigs.  8,  9,  and  10). 
Fig.  11  shows  the  test  area  with  equipment  in  place. 

The  proper  rotometer  and  proportioner  for  each 
run  was  selected  and  placed  in  the  line.  The  120-gpm  propor¬ 
tioner  had  a  normal  usable  range  of  60  to  120  gpm,  and  the  500- 
gpm  proportioner  had  a  range  of  250  to  500  gpm.  Since  no 
equivalent  proportioner  was  available  to  cover  the  range  be¬ 
tween  120  and  250  gpm,  initial  testa  indicated  that  the  smaller 
proportioner  could  also  perform  satisfactorily  in  the  120-  to 
200-gpm  range,  and  that  the  larger  unit  could  perform  similar¬ 
ly  in  the  200-  to  250-gpm  range.  Huns  requiring  a  dlsoharge 
of  less  than  60  gpm  made  it  necessary  to  premix  a  6-percent 
foam  solution  in  the  tank  (13)  of  the  Class  155  crash  fire 
truck  and  all  tests  so  conducted  were  carried  out  with  liiit  B 
alone  (Pig.  7).  The  delivery  rate  of  the  premixed  solution 
was  determined  by  measuring  the  depth  of  mixture  in  the  tank 
before  and  after  each  test. 

The  runs  were  made  for  a  definite  time  Interval: 
generally,  either  for  30  or  60  seconds,  depending  on  the  nozzle 
discharge  rate.  Before  and  after  each  run  the  level  of  foam 
liquid  in  the  calibrated  drum  was  measured.  Water  flow  read?- 
ings  were  taken  on  the  rotometer  during  each  run.  At  the  mid 
point  of  each  teat  a  photograph  was  taken  as  a  record. 

Immediately  upon  the  termination  of  a  run,  four 
men  entered  the  foam  area  (Fig.  12).  Two  men  were  assigned  to 
the  drainage  rate  test,  each  making  a  separate  determination 
so  that  the  results  could  be  averaged.  Promptness  in  obtain¬ 
ing  the  sample  was  of  great  Irqjartance.  Two  additional  foam 
Bangles  for  the  e23>anslon  ratio  determination  were  obtained  by 
the  third  man.  While  this  was  being  done,  the  fourth  man  mea- 
stcred  the  volimie  of  foam  solution  collected  in  the  palls  within 
the  foam  pattern.  A  fifth  crew  member  (not  shown  in  Pig.  12) 
measured  the  foam  level  in  the  pails.  These  individual  assign¬ 
ments  were  necessary  because  of  the  rapid  change  in  the  foam 
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Tig.  10.  HozeIo  preBBvro  for  oaoh  test  vas  rooorded  from  gage  placed  on  play  pipe  di¬ 
rectly  In  taok  of  nozsle. 
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Pig,  12.  Test  persozmel  collecting  foam  Banplea  In  drainage  pans  liamed.latel7  after  com¬ 
pletion  of  test  run.  In  each  run,  nozsle  under  test  vas  placed  directly  a^bove  stake  In 
first  row  to  facilitate  measuring  minor  and  major  axes  of  pattern  formed  on  ground. 


cliaracteristicSo  Hie  list  of  calculations  used  in  the  fog 
foam  study  and  a  detailed  account  of  the  foam  test  determina 
tion  procedure  are  contained  in  Appendices  lA  and  IB,  respec 
tively.  The  apparatus  for  both  tests  is  sho^m  in  Fig.  13. 


184-5-511 

Fig.  15.  Foam  amplea  being  analyzed  to  determine  expansion 
and  drainage  rates  of  foam  produced  by  nozzles  under  test. 
Operator  In  foreground  adds  a  few  drops  of  octyl  alcohol  by 
means  of  graduated  pipette  Into  drainage  pem  to  accelerate 
breajEdovn  of  foam. 


The  stakes  were  used  as  reference  in  placing 
the  pans  in  the  area  and  in  recording  the  foam  blarLcet  and 
pattern.  The  depth  of  the  foam  blanket  was  measured  and  re¬ 
corded  at  the  location  of  each  stake  in  the  blanket,  A  sys¬ 
tem  of  coordinates  was  used  to  facilitate  a  quick  identifica 
tion  of  each  stake  (Appendix  IC), 

The  following  data  and  Infonnatlon  were  re* 
corded  for  rarlous  pressures  firm  100  to  ^00  pel: 

(a)  Foam  pattern  (coverage)  produced  by  all 
the  nozzles  tested. 
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(b)  Rates  of  foam  solution  (consumption). 

(c)  Foam  yields. 

(d)  Foam  eipeuision. 

(e)  Drainage  rates. 

The  items  listed  from  (a)  through  (e)  are  considered  to  he  de¬ 
termining  factors  for  the  proper  evaluation  of  fog  foam  appli¬ 
ances  at  any  desired  pressure. 

c.  Results .  In  all,  over  200  individual  runs  were  con¬ 
ducted,  because  of  the  wide  rai-.ge  in  pressure  and  the  number  of 
combinations  and  adjustments  of  some  of  the  samples. 

Sampi.e  data  sheets  indicating  the  method  used  to  re¬ 
cord  the  desired  Information  are  Included  in  Appendix  10.  For  more 
expedient  comparlsan  and  evaluation,  the  most  pertinent  data  are 
listed  in  Table  I.  To  facilitate  cross  reference  of  the  data,  each 
nozzle  was  assigned  a  number.  These  appear  in  column  1  of  Table  I. 
The  type  designation  is  listed  in  column  2.  Bach  run  was  also 
assigned  a  nionber  and  these  are  given  in  column 

The  pressure  for  each  test  which  was  read  directly 
from  a  gage  at  the  nozzle  is  recorded  in  column  4.  The  amission  of 
data  is  an  indication  that  the  capacity  of  the  nozzle  exceeded  the 
capacity  of  the  test  equipment.  In  order  to  permit  the  accumula¬ 
tion  of  a  reasonable  quantity  of  foam  for  accurate  readings,  the 
duration  of  each  inin  was  varied.  Column  5  lists  the  length  of  time 
in  seconds. 


The  total  water  and  foam  liquid  in  gallons  used  for 
each  test  run  are  shown,  in  colimins  6  and  respectively.  The 
characteristic  water  fi.aw  in  gallons  per  minute  for  each  nozzle  at 
the  various  pressures  is  listed  in  column  8.  The  concentration  of 
foam  liquid  is  shown  in  column  9*  Close  examination  of  the  data 
indicates  that  the  percent  solution,  on  the  average,  varied  from  5 
to  6.  The  figure  in  column  9  vas  derived  from  columns  6  and  ?• 

The  foam  pattern  is  estimated  in  feet  (column  lO). 
The  first  reading  represents  the  dimension  taken  along  the  axis 
perpendicular  to  the  flow  stream  and  the  second  one  denotes  the 
measure  taken  along  the  axis  parallel  to  the  flow  stream.  The 
shape  of  the  nozzle  and  the  wind  velocity  during  the  test  had  a 
variable  effect  on  the  data  in  this  column.  Column  11  lists  the 
average  drainage  rates  (first  to  fourth  minute  after  obtaining 
saaqple)  in  cubic  centimeters  per  minute  for  each  nozzle  at  the 
various  test  pressures. 
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d.  Obaeryatlons .  Detemlnatlona  "based  on  the  initial 
performance  testa  of  all  the  nozzles  are  listed  in  Table  II.  This 
table  consists  of  calculations  based  on  field  data  (Table  1}  to  de¬ 
termine  the  relative  performance  of  all  nozzles  tested.  Columns  1 
throvigh  h  are  identical  to  the  corresponding  columns  In  Table  I. 
Column  5  lists  the  theoretical  rates  of  foam  production  in  gallons 
per  minute  at  various  pressures  ranging  from  100  to  500  psi  inclu¬ 
sive,  in  100- lb  increments.  The  actual  foam  production  at  these 
pressures,  as  xaeasured  on  the  ground,  is  given  in  col\imn  6.  The 
foam  yield  percent,  calculated  as  explained  in  Appendix  lA,  is  shown 
in  column  ?•  The  latter  results  are  plotted  in  the  form  of  graphs 
in  Figs.  l4  to  l8  inclusive,  with  the  foam  yield  percent  along  the 
ordinate  axis  and  the  nozzle  pressure  along  the  abscissa.  Limita¬ 
tions  of  the  test  apparatus  made  it  impossible  to  obtain  readings 
at  all  pressures  with  large  capacity  nozzles.  The  expansion  in 
column  8  denotes  the  factor  by  which  the  original  volume  of  foam 
solution  was  increased  with  each  nozzle  at  each  respective  pressure. 

The  results  in  the  graphs  indicate  that  the  highest 
foam  yield  was  produced  at  pressures  ranging  from  200  to  350  pai, 
depending  on  the  nozzle  under  teat.  Generally,  the  yield  either 
decreased  or  remained  almost  constant  at  pressures  higher  than  35O 
psi.  Each  curve  is  labeled  with  the  same  number  in  column  1  of 
Tables  I  and  II  and  throughout  this  report  to  identify  the  nozzle 
which  it  represents,  and  for  quick  reference  to  other  tables.  The 
data  for  each  nozzle  have  been  plotted  and  are  clearly  shown  on  the 
charts.  The  curve  which  fitted  beat  through  plotted  data  was  drawn 
as  an  indication  of  foam  yield  percent  at  the  different  pressures. 
The  water  fog  and  fog  foam  tests  are  shown  photographically  in 
Appendices  ID  and  IE. 

10.  Fire  Tests.  The  second  phase  of  this  investigation  was 
to  conduct  fire  tests  to  validate  the  findings  of  the  nozzle  per¬ 
formance  testa.  Fire  testa  were  carried  out  at  the  Burning  Field 
in  an  area  adjacent  to  that  used  in  the  screening  tests  (Fig.  19). 

a.  gozzlea  Selected.  The  seven  foam  and  water-fog  noz¬ 
zles  used  on  actual  pool  fires  were  selected  from  the  total  of 
twenty-nine  tested  on  the  basis  of  performance  in  the  initial  testa 
conducted,  design  of  the  equipment,  and  its  suitability  for  crash 
fire  fighting.  Nozzles  1,  4a,  4b,  13,  and  19  were  chosen  because 
the  foam  yield  (Figs.  l4  to  lo  inclusive)  in  each  case  was  45  per¬ 
cent  or  over,  the  total  water  rate  of  each  nozzle  was  adequate  for 
fluting  large-scale  inflammable  liquid  fires.  Even  though  the 
water  rates  of  nozzles  2  and  3  wore  comparable  to  those  of  the  other 
nozzles  under  tests,  the  foam  yield  was  low,  that  is,  below  30  per¬ 
cent  (Figs.  15  and  18,  respectively).  These  nozzles  were  chosen 
for  ccoQiarleon  and  evaluation  against  those  having  the  higher  foam 
yields . 
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71g.  19*  In  ftr«  test  BxtA,  poola  ir»r0  laid  oat  ao  as  to 
9«nd.t  dofonrlad  approach  to  flro  frtm.  mav  than  one  aide. 


Conditlona*  Tim  adjacent  23*'  1*7  30-fcot  Iramljag 
poala  One.  20)  vara  oonatrootad  on  a  oonoamta  alah  by  aattlng  op 
steal  baaaa  and  corarlng  then  vlth  aandj  olay  and  graral  to  naka 
tha  pcml  eater  tight.  Tbaaa  vaxa  partly  flUad  vlth  vater  In  or- 
ter  to  obtain  a  parfaotly  IcTol  nrfhoa.  The  vlnd,  toaparatiira, 
and  hMBlilty  vara  raoordad.  Daring  the  flra  teata  the  vlnd  relo- 
elty  bad  a  aara  oritleal  effect  than  It  did  durlns  the  aoreenlng 
t«ite|  tiiarafore^  no  teata  vere  run  under  vlndy  (orer  k  a^h)  ar 
xmlny  oonditlona. 

Twwedinm.  Indoatrlal  naphtha  totaling  373  gallona 
vaa  added  to  a  pooi  inod  Ignited.  Teen  vaa  applied  after  a  3 
ae panda  probam  and  the  data  vere  reoctrded  In  Table  IH.  One  ob- 
aarrar  reoordad  all  the  teta.  The  poola  vara  filled  aa  ahown  In 
Tlgi.  20  and  21.  Clear  unleaded  gaaollne^  vlth  aero  octane  rating^ 
oaoMaroially  bnean  aa  indoatrlal  naphtha,  vaa  oaed  thraaghout  the 
fire  teate. 

All  noxilea  vore  need  from  the  torret  of  the  Claaa 
133  oraSh  fire  track,  and  lodkad  In  place  vlth  the  noxsla  exten- 
olen  depreaaed  approzlaiately  10  degreea  fTaa  the  horlumtal.  (te-* 
Vraaaing  the  noagle  ever  10  degreea  at  the  hitter  preeanree  oaueed 
the  fael  to  aplatter  and  bum  over  the  edge  of  the  pool  aa  ahem 
in  Tig.  22) .  Ihe  Claaa  133  oraah  fire  track  vaa  parked  ao  that 
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Pig.  20.  Two  test  pools  of  Identical  area  were  laid  out  adjacent  to  one  another  on 
large  conorete  slab.  Each  was  filled  with  water  to  Insure  perfectly  level  surfhce 
and  to  prevent  cracking  of  concrete  base.  Class  1^^  crash  fire  truck  was  parked  at 
right  angles  to  longer  axis  of  pit. 
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Ta'ble  III.  Fire  Test  Field  Data 


1 

2 

3 

- 5 - 

5 

15 - 

■’ 

- 5 — 

9 

Sst. 

Norris 

Nottle 

Control 

Eat.  i 

Foaa 

Wind 

riBtence 

Rotzle 

Nottle  Type 

Preeeure 

Tiae 

Ext  In- 

Depth 

Vel, 

Wlnl 

fr  Pool 

No. 

(p.1) 

(.»°) _ 

guieoaent 

(■ph) 

Direction 

(ft) 

1 

?i«lnob  external  laplngli^ 

100 

« 

* 

* 

» 

• 

* 

200 

Infinity 

1C 

- 

2 

5 

"T 

200 

do 

10 

- 

p 

s 

jOT 

do 

56 

. 

2 

3 

10 

300 

do 

30 

. 

f 

3 

10 

loo 

do 

rr 

3 

3 

13 

i* **00 

do 

10 

. 

p 

5 

10 

^00 

do 

10 

- 

2 

.1  .. 

10 

500 

do 

55 

• 

3 

3 

15 

500 

do 

10 

. 

3 

3 

15 

do 

10 

- 

2 

3 

15 

2i-lnoh  internal  Iflftlnglng 

io6 

No  rune 

were  conducted  at  this 

preeeure. 

203 

<50 

90 

1/? 

9 

3 

200 

80 

90 

1/? 

4 

9 

8 

200 

105 

90 

_iy? 

4 

5 

8 

300 

75 

1/3 

U 

9 

s  "  ■ 

300 

95 

90 

1 

4 

9 

e 

_ 

53 

90 

1 

4 

8 

400 

“to 

ih 

4 

9 

400 

43 

90 

1 1/-’ 

4 

9 

8 

-UOO 

-22 

1 

4 

3 

501 

» 

¥■ 

* 

« 

“IT’  ~ 

2^-lnch  Internal  iaq^inglng 

IOC 

» 

* 

* 

■» 

* 

« 

Jet  with  eoreen 

200 

3o 

90 

3A 

4 

3 

?OD 

30 

90 

1 

p 

6 

8 

200 

100 

90 

!/'• 

1 

5 

a 

300 

75 

96 

1 

1 

8 

300 

73 

90 

5/4 

3 

3 

3 

- 

3-7 

90 

J5Z.4 

U 

3 

0 

403 

56  ' 

1 

3 

5 

5 

uoo 

54 

90 

I 

5 

5 

3 

*»03 

-  p 

90 

lY--' 

4 

_ i.. 

6 

503 

45 

60 

1 

d 

300 

55 

90 

1 1/? 

4 

s 

8 

- 

60 

90 

1 

4 

3 

a 

Ud 

?i-inch  Internal  li^lnglng 

l66 

» 

» 

•• 

» 

» 

« 

Jet  with  stream  shaper 

5o3~ 

IOC 

^0 

■“  iTT- 

~T~ 

->0 

200 

I'^O 

90 

1/? 

6 

20 

200 

So 

90 

1 1/0 

0 

. 

20 

300 

135 

93 

1 

T' 

50 

303 

53 

90 

1  1/3 

1 

9 

5'' 

303 

70 

90 

1 

9 

30 

~to3 

“?5 

90 

i 

1 

6 

ITo 

400 

7C 

90 

1 

1 

1? 

40 

UOO 

?5 

9C 

1 

1 

i_ 

40 

500 

40 

^3‘ 

1 

1 

3 

~T' 

503 

45 

90 

"■  1/1 

1 

9 

4> 

_ 20 

90 

1 3/4 

0 

45 

13 

^•Inch  stral^it  atresB 

lOT 

7? 

yO 

— 

(T 

. 

—I? - 

aspirating  foam  noszls 

100 

65 

9C 

1 

3 

3 

15 

with  fan-shaped  dlfusor 

100 

30 

90 

1 

5 

3 

15 

~203 

70 

93 

1 1/? 

0 

15 

200 

50 

9C 

1 

3 

5 

15 

200 

50 

9C 

1 

2 

3 

15 

303 

4^ 

90 

*3 

C 

20 

300 

55 

9C 

2 

4 

5 

’C 

500 

45 

90 

1 1/' 

p 

3 

2C 

loo 

9C 

3 

400 

35 

93 

p 

-> 

3 

400 

« 

.  _  50 

? 

2 

3 

25 

500 

30 

90 

? 

P 

5 

?5 

500 

35 

9C 

? 

2 

3 

25 

500 

y 

90 

p 

2 

3 

>3 

19 

^Inch  ra&-a^apsd  external 

lOO 

80 

93 

1 

C 

ll 

ioplnglEg  with  diffusing 

100 

5'' 

9*3 

1 

C 

. 

14 

orifices 

100 

6c 

93 

1  i/g 

2 

3 

14 

200 

55 

90 

5* 

9 

18 

200 

40 

93 

1 1/.’ 

0 

18 

200 

_20 _ 

90 

1  i/r 

C 

. 

18 

300 

35 

90 

? 

0 

- 

~i3 - 

300 

40 

90 

? 

0 

. 

18 

300 

.  _90 

2 

? 

9 

18 

loo 

♦» 

»» 

*» 

«* 

Note;  Vltb  ooztla  ?,  2^1noh  eztarnaX  laplcging  Jet  with  fao«sheped  dlffueoT,  aansuraole  extln^'ilBhaent  oould  not 
be  obt«lz»d  at  any  preaeure,  because  the  foam  dlelntegx^ted  faster  than  It  ''as  produced. 


*  No  mns  were  sonduoted  at  this  pressxire. 

**  Pressures  of  orer  500  pet  oould  not  be  obtained  with  this  xuszl». 
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Fig.  21.  Industrial  saphtha  (575  6*1)  "bslng  poured  Arom  tank  truck  Into  test  pit 
throu^  50-foot  hose  li’  Inches  In  disaster.  This  operation  inquired  approxlaatel; 
15  minutes.  Graduated  steuds  shovn  here  were  used  to  estimate  approximate  depth  of 
foam  blanket  upon  successful  extlngtHthment. 


the  nozzle  was  directed  along  the  longer  axis  of  the  pool  and  8  to 
45  feet  awajr  from  the  near  edge,  depending  upon  the  range  of  the 
nozzle  (Fig.  25) .  These  testa  were  conducted  at  pressures  ranging 
from  200  to  500  psi  inclusive,  depending  upon  the  pressure  range  of 
the  nozzle  under  consideration. 

The  crash  fire  truolc  had  to  maintain  high  mobility 
duriaog  the  actual  fire  testa  so  that  it  could  be  moved  to  safety  in 
case  the  fire  raged  out  of  control  and  endangered  the  safety  of  test 
personnel  and  equipment.  For  this  reason,  the  fire  tests  were  con¬ 
ducted  with  1000  gallons  of  6-porcent  premixed  solution,  the  full 
tank  capacity  of  the  crash  txnxck,  thus  eliminating  hose  connections 
from  the  water  system  of  the  test  area  to  the  vehicle. 

Within  a  few  seconds  after  the  industrial  naphtha 
had  been  poured,  all  fires  were  Ignited  by  throwing  a  lighted  torch 
into  the  center  of  the!  fuel  pool.  Bach  fire  was  allowed  5  seconds 
prebuni  time  before  extinguishment  was  attempted,  in  order  to  com¬ 
pensate  for  variations  in  ambient  temperature,  humidity,  and  sur¬ 
face  temperature  of  the  iiiel  (Fig.  2l^).  Observation  of  the  foam 
pattern  formed  on  the  burning  surface  by  each  nozzle  at  the  various 
pressures  was  not  possible  because  the  updraft  currents,  flames,  and 
smoke  obstructed  a  clear  view  (Fig.  25).  The  control  time  for  each 
fire  was  recorded  as  the  length  of  time  in  seconds  from  the  initial 
application  of  foam  required  to  cover  an  estimated  minimum  of  90 
percent  of  the  burning  surface  of  the  pool  with  a  foam  blemket.  It 
was  then  possible  to  approach  the  pool  with  foam  hand  lines  and  ob¬ 
tain  coiiq>lete  extinguishment,  if  desired.  This  criterion  was  used 
as  a  standard  for  all  test  fires.  The  thickness  of  the  foam  blanket 
was  noted  from  the  depth  gauges  shown  in  Figs.  21  and  26.  Total 
extinguishment  was  not  attempted  In  any  of  the  tests.  The  remain¬ 
ing  flickers  were  allowed  to  disintegrate  the  foam  blanket  slowly, 
and  the  fire  was  permitted  to  regain  its  original  intensity  (Fig. 
27).  This  was  considered  as  proof  that  the  pool  fire  had  not 
burned  itself  out  but  had  actually  been  brou^t  under  control  by 
the  foam.  In  addition,  it  was  an  expeditious  way  to  clear  the  pool 
of  foam  and  naphtha  for  successive  tests. 

d.  ResTilts .  The  following  data  were  collected  from 
approximately  seventy  separate  pool  fires,  each  involving  375  gal¬ 
lons  of  industrial  naphtha. 

(1)  Bstlmate  of  percent  extlnguishisent. 

(2)  Control  time 

(3)  Foam  blanket,  thickness,  and  percent  coverage. 
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l8l^-5-697 

Fig.  25.  Typical  test  run.  Turret  operator  nalntalned  con¬ 
stant  pressure  at  nozzle  throughout  tests  hy  control  of  pump 
speed.  Driver  kept  motor  running  so  that  truck  could  immed¬ 
iately  he  moved  to  predetermined  serfety  zone  in  case  equip¬ 
ment  and  test  personnel  became  enveloped  hy  flames  during 
sudden  wind  changes.  Fire  fighter  In  foreground  Is  test 
crew  chief  and  is  in  position  to  observe  overall  conduct 
and  safety  of  each  test.  He  timed  each  run  and  estimated 
extinguishment  time. 


184-3-699 

Fig.  24.  Large-scale  pool  fire  approximately  6  seconds 
after  Ignition  of  575  gallons  of  Industrial  naphtha  in  shal¬ 
low  pit  25  hy  50  foot.  Cambustihle  liquid  is  huming  at 
height  of  Its  Intensity.  Fog  foam  falls  to  show  any  results 
at  this  point  because  of  Its  short  period  of  application. 
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Tlis  follovlng  Infoxuatlon  explains  Items  In  Tatle 
III.  Columns  1,  2  and  3  are  the  same  as  in  tlie  preTlous  tal>les. 

The  control  time  In  seconds  Is  listed  in  colxman  4.  Percent  ex¬ 
tinguishment  shown  In  column  3  refers  to  the  estimated  area  of  the 
humlng  pool  where  the  foam,  blanket  has  extinguished  the  flames. 

In  column  6,  the  depth  of  the  foam  blanket  is  given  to  the  nearest 
quarter- inch  reading  on  the  depth  gages  shown  in  Figs.  21  and 
26.  The  wind  velocity  in  n^h  is  listed  in  column  7>  The  direction 
of  the  wind,  column  8  is  tabulated  in  accordance  with  the  clock 
dial  system  starting  at  12  o'clock  with  the  wind  blowing  directly 
into  the  nozzle  against  the  expelled  foam  stream.  In  column  9,  the 
distance  from  the  tip  of  the  nozzle  to'the  ixear  edge  of  the  pit 
varied  frcm  8  to  45  feet,  to  campensate  for  the  variable  range  of 
the  nozzles  at  the  pressures  Indicated.  Pressures  for  which  no  en¬ 
tries  have  been  recorded  in  column  3>  unless  otherwise  stated,  were 
beyond  the  ceq>aoity  of  the  equipment  as  set  up  for  this  phase  of 
testing.  Actual  fire  testa  are  shown  in  Appendix  IP. 

e.  Obaervationa  ♦  The  average  control  time  for  each  run 
is  listed  in  Table  X7.  Pressures  for  which  no  entries  were  made 
Indicate  limitations  of  the  test  apparatus.  The  results  indicate 
that  any  Increase  in  pressure  has  a  tendency  to  reduce  the  control 
time.  Data  presented  in  Table  X?  are  plotted  in  Pig.  28.  Bach 
ourre  in  this  figure  la  clearly  labeled  to  Identify  the  nozzle 
which  it  represents  in  addition  to  being  numbered  for  quick  refer¬ 
ence  to  Tables  I,  II,  III,  and  IV.  Pig.  22  illustrates  a  typical 
test  in  which  control  failed.  More  than  70  percent  of  the  total 
surface  area  was  enveloped  in  flas^,  radiating  too  much  heat  for 
proper  application  of  foam  with  hand  lines . 

11.  Report  pilm  "Fog  Poam  Studies.”  A  l6-mm  color  motion  pic¬ 
ture  with  natation,  import  Film  1401,  ^Pog  Poam  Studies,”  was  made 
indicating  test  procedures .  This  film  may  be  obtained  by  written  re¬ 
quest  to  the  Bureau  of  Aeronautlos,  Department  of  the  Savy,  Washing¬ 
ton  25,  D.  C. 


III.  Discxssioir 

12.  Bozzle  Perfonnaxice  Tests.  Those  tests  were  designed  to  ob¬ 
tain  perfozmance  characteristics  of  various  commercial  and  experi¬ 
mental  nozzle  arrangements  prior  to  the  actual  fire  tests.  Varia¬ 
bles  in  the  test  arrangements  and  conditions  affected  the  final  re¬ 
sults  to  the  point  where  individual  items  of  the  experimental  data 
are  not  reliable j  however,  a  study  of  the  results  as  a  whole  indi¬ 
cates  definite  trends  that  must  be  considered. 

Although  the  method  used  to  determine  the  delivery  rates 
of  the  premixed  solution  (measuring  the  depth  of  the  liquid  in  the 
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181^-5-701 

Fig.  25.  Looking  into  ’burning  pit  from  across  ground  along 
side  Class  I55  crash  fire  truck  during  test,  15  seconds 
after  initial  application  of  fog  foam  at  approximately  500 
psl  nozzle  pressure.  Foam,  falling  on  ground  'betveen  truck 
and  ’burning  pool,  is  a  total  loss.  Uote  difficulty  of  de¬ 
termining  pattern  in  initial  stages  of  test,  hecause  up¬ 
draft  Currents,  smoke,  and  flames  o’bscured  action  area  from 
view. 
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l8^^-3-700 

FlS»  27.  Seaalnlog  fllckBrs  vhlch  coiild  easily  hare  'been 
oontroUed  vlth  foaa  hand  lines  vere  allowed  to  'bum.  These 
slowly  disintegrated  foam  hlanlcet,  resulting  In  fire  of 
original  nagnltude.  This  Is  condition  of  pool  fire  after  It 
has  gained  full  force  In  approzljiiately  3^  seconds  and  after 
it  has  heen  suooessfully  brought  under  control  with  foam. 


Table  IV,  Average  Control  Time  of 
Pool  Fires  at  Various  Pressures 


k2 


Control  Time  (sec) 


Nozzle 

Nozzle  Type 

Nozzle 

Pressure 

No.  . 

100 

200 

300 

io8 

3oo“ 

1 

2^-inch  external  impinging 

Jet 

No 

extinguishment 

2 

^-Inch  exteamal  impinging 

Jet  with  fan-shaped  diffusor 

No 

extinguishment 

3 

2^-lnch  internal  impinging 

Jet 

- 

88 

76 

51 

- 

2^-inch  internal  impinging 

Jet  with  screen 

- 

87 

77 

65 

6o 

4b 

2^-inch  internal  impinging 

Jet  with  stream  shaper 

-• 

93 

88 

70 

52 

13 

2^-inch  straight  stream  as¬ 
pirating  foam  nozzle  with 
lan-shaped  diffuser 

73 

57 

47 

38 

31 

19 

2^-lnch  fan-shaped  external 
impinging  with  diffusing 
orifices 

63 

35 

35 

tank  before  and  after  a  test)  was  not  very  accurate  at  low  flow 
rates,  it  was  tbe  most  expedient  and,  in  fact,  the  only  method  avail¬ 
able  at  the  time  the  tests  were  conducted.  In  order  to  insure  a  6- 
percent  foaja  ccaicentration,  a  premixed  solution  must  be  used,  as  the 
low-range  foam  jroportlansr  does  not  perform  accurately  below  6o 
gpm.  On  the  other  hand,  the  use  of  a  premixed  solution  for  nozzles 
with  delivery  rates  above  6o  gpm  was  impractical;  therefore,  foeim 
proportioning  equipnent  preset  at  a  6-percent  rate  was  used. 

The  variatioofl  listed  in  colxann  9  of  Table  I  were  partly 
caused  by  experimental  error,  slip  in  the  rotors  of  tlie  proportioner, 
leakage  of  the  vacuum  in  the  suction  line,  or  some  coinbination  of 
these  factors. 

The  effect  of  pressure  on  the  foam  yield,  observed  in  the 
studies  of  the  screening  tests,  was  of  paramount  Importance.  The 
foam  yield  is  at  a  maximum  between  200  and  300  psi  for  any  nozzle. 
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The  pppssure  ppoducing  the  maxiraan  yield  varies  with  the  individual 
noszle^  as  does  the  rate  of  decrease  after  the  maximum  has  heen 
reached.  Although  the  foam  yleM  decreases  above  the  range  between 
200-  to  300-psi  nozzle  pressure,  In  most  Instances  the  total  amount 
of  foam  produced  per  unit  tine  continues  to  increase  up  to  500  psi. 
This  is  corrobarated  in  column  6  of  Table  II.  During  the  tests,  it 
was  observed  that  the  liquid  flow  through  the  nozzle  occasionally 
did  not  Increase  as  the  pressure  Increased.  Upon  investigation,  it 
was  found  that  sand  and  small  particles  of  gravel  present  in  the 
water  had  partially  clogged  the  orifices  and  screens.  The  varia¬ 
tions  In  Table  II  resulted  from  the  clogging  of  the  nozzles,  from 
the  experimental  eiror  of  measuring  flows,  from  Inaccurate  measure¬ 
ment  of  the  foam  blanket,  anfl  from  the  expansion  determination  used 
to  calculate  theoretical  volumes  of  foam  produced. 

Data  presented  in  GTable  II  and  In  the  sample  data  sheets 
(Appendix  ICO  Indicate  variations  in  the  foam  expansion  which  do  not 
correlate  with  run  conditions.  Those  variations  are,  in  part,  a 
result  of  small  delays  by  the  teat  personnel  In  obtaining  seunples. 
For  example.  If  the  pattern  depth  were  small,  30  seconds  might  have 
been  consum^  in  obtaining  the  sample;  this  time  allowed  for  some 
drainage  of  the  foam,  thereby  raising  the  apparent  foam  expansion. 

To  some  extent,  this  contributed  to  the  higher  expansions  recorded 
for  low-pressure  (small  pattern  volume)  runs.  Hcarmally,  the  expan¬ 
sion  appeared  to  vary  by  10  to  15  percent  within  an  individual  foam 
pattern.  For  most  of  the  nozzle  arrangements  tested,  the  highest 
foam  expansion  and,  hence,  the  lowest  foam  yield,  was  generally  ob¬ 
tained  at  low  discharge  pressures.  This  occurred  because  the  foam 
yield  is.  In  part,  based  on  a  theoretical  foam  volume  caluclatod 
from  the  consumption  of  foeua  solution  emd  from  the  expansion  factor. 
That  is,  higher  expansion  fectors  give  higher  theoretical  foam 
volumes  which,  in  turn.  Indicate  lower  foam  yields.  However,  it 
was  noted  that  the  foam  yield  Increased  with  the  water  pressure, 
but  decreased  as  the  highest  test  pressures  were  approached. 

Tarlatlons  In  the  drainage  rates,  ranging  from  10  to  20 
cc  per  rdnute.  Indicate  that  the  test  procedure  for  obtaining  these 
irates  Is  more  vulnerable  to  experimental  error  than  is  the  expan¬ 
sion  factor  determination.  As  has  been  stated,  delays  in  obtaining 
samples,  or  In  collecting  the  drooled  foeim  solution  from  the  ground 
surface,  account  for  the  greater  part  of  the  variations  of  data. 

The  direction  of  the  wind  and  Its  velocity  must  be  consid¬ 
ered  also.  Wind  has  a  spreading  effect  on  the  fog  foam  discharge 
because  the  small  moss  of  the  finely  divided  particles  is  easily 
deflected  In  comparison  to  a  solid  stream.  This  fact  Is  verified 
by  the  results  of  the  tests.  The  width  of  the  pattern  (the  dimen¬ 
sion  taken  horizontally  and  at  right  angles  to  the  stream).  In  gen¬ 
eral,  remained  almost  the  same  at  all  pressures,  whereas  the  length 


of  tihe  pattern  (the  dimension  of  the  pattern  along  the  axis  of  the 
stream  flow)  lnc:reaaed  slowly  as  the  pressure  increased.  In  colunr 
10  of  Table  I,  the  lar'gest  pattern  area  la  occasionally  Indicated 
at  the  lower  pr^esaur'es ,  because  of  sudden  changes  in  wind  direction. 

The  solid  stream  aspirating  foam  nozzle  gives  the  highest 
foam  yie.ldB.  In  general,  those  nozzles  which  produce  the  best  water 
fog  were  observed  to  produce  very  low  foam  yields. 

13 o  Fire  Tests.  The  fire  teats,  employing  pool  fires  Involv- 
i.Gg  .j7'5  galLons  of  industrial  naphtha,  were  chosen  as  being  repre¬ 
sentative  of  the  neat  conditions  encountered  in  crash  fire  flghtirg. 
Thue  success  in  ext,ingulshi.ng  liquid  fuel  fires  depends  on  the  rapid¬ 
ity  wi  th  which  the  foam  blanket  is  applied  over  the  entire  burning 
surface  in  o:rder  to  exclude  air  and  radiant  heat,  thus  preventing 
further  evaporation  and  combustion  of  the  flammable  liquid  in  the 
immediate  danger  area. 

On  a  fi:re  of  the  size  Just  described,  it  is  not  feasible 
to  set  t,ne  nozzle  hoci  zontaUy  to  the  ground  and  to  expel  t.oe  foam 
so  that  i  t  falls  dowTJvard  on  to  the  burning  area.  When,  thi.3  was 
done  during  the  testa,  it  was  found  that  the  snBller  particles  of 
foam  were  dlasi  pated  and  the  larger  ones  were  carried  from  50  to 
250  feet  from  the  burrdng  suz'fhce,  so  that  the  small  remaining 
amoun.t  of  foam  reaclx?..ng  it  was  quickly  disintegrated  by  the  heat. 
Therefore,  it  was  neoessar'y  to  lower  the  nozzle  approximately  .10 
degrees,  thus  increasing  the  downward  velocity  of  the  foam  so  that 
i  t  penetrated  the  updraft,  currents  and  created  an  extlngulshirg 
blanket  over  the  pool..  Lowering  the  nozzle  .furt,her,  however, 
tended  to  create  tur.*bulence  and  to  splatter  the  fuel,  about  the 
bumlng  area,  as  has  been  indicated  in.  Fig.  22. 

In  vi.ew  of  the  fact,  that  fog  nozzlss  have  .Limi  ted  reach, 
i.t  was  necessary  to  .f.i^t  each  fire  at  close  range.  Since  the 
vert.ical.  pattei'n.  of  the  fog  nozzle  was  .larger  in  area  than  that  of 
a  so.U.d  stream,  i  t  was  affected  more  by  any  shift  in  the  d.i.rectlor.:. 
of  the  winii.  Sl.gnj..fi.carj.t  changes  in  the  wind  direction  and  ve.lo- 
city  dl.8place  the  foam  pattern,  by  throwing  the  foam  outside  the 
jiool  botmdaries  and  make  it  impossible  to  contro.1  the  fire.  On 
aeve.ral.  occasions  whl.le  a  test  was  in  progress,  the  wind  shifted 
direction  .l8o  degrees.  Under  these  conditions  it  was  imposalLLe  to 
obta.ln  control,  and  no  data  were  recorded. 

Fig,  28  i.ndl.cates  that  wl.th  increases  in  pressure  up  to 
500  psi.  the  exting>jls:bment  time  decreases,  Thi.s  behavior  la  e.x- 
plai.ned  by  the  fact  taat  even  though  the  foam  yield  is  lower  at  the 
higher  pressures,  the  total,  amount  of  foam  produced  is  increased 
and  the  application  rate  is  greater  than  the  destruction  rate. 
Therefore,  an.  effective  foam  blanket  is  more  quickly  applied. 


Table  7.  Ferfoniazice  Data  of 
Hoc  alas  Tested  on  Actual  Fires 
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EXTINGUISHMENT-  TIME  IN  SECONDS  (  Column  5  ) 


.4  .6  1.2  1.4  1.6 


FOAM  RATE  IN  G PM /SO.  FT. 
(Column  10) 


Fig.  29.  Extlnguishioent  time  vs.  rate  of  foam  application 
per  imit  area. 
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Nozzles  1  and  2,  which  exhibited  the  lowest  foam  yields 
in  the  screening  testa,  failed  to  extinguish  the  pool  fires  because 
the  resultant  rate  of  actual  foam  application  was  less  than  the 
critical  rate  required  for  extinction.  This  fact,  confirmed  in 
Table  V  and  in  Fig.  29,  demonstrates  the  importance  of  foam  yield 
in  nozzle  performance. 

l4.  General  Factors  Considered  in  Nozzle  Evaluation.  The 
factors  influencing  the  experimental  data  and  the  effect  of  nozzle 
discharge  pressure  on  the  foam  yield  have  already  been  discussed. 

In  the  following  subparagraphs  are  considered  the  factors  fo\and 
during  the  tests  to  have  a  critical  effect  on  nozzle  performance. 

Foam  Yield.  A  low  foam  yield  indicates  that  a  high 
percentage  of  the  foanT^iOlutlon  discharged  from  the  nozzle  will,  if 
it  reaches  the  burning  surface,  drop  through  the  liquid  fuel,  and 
have  no  further  effect  in  extinguishment.  However,  these  solution 
particles  not  in  the  air  dispersion  will  be  of  benefit  in  cooling 
the  flanffi  zone  as  does  water  fog,  thus  providing  protection  to  fire 
fighting  personnel,  without  contributing  significantly  to  final  ex¬ 
tinguishment,  The  information  presented  in  Table  V,  derived  from 
the  teat  data  in  Tables  I  through  IV,  indicates  that  for  two  nozzles 
of  nearly  equivalent  water  consumption  rates,  the  nozzle  1,  display¬ 
ing  a  lower  yield  failed  to  extlnguisah  the  test  fire,  because  its 
foam  rate  in  gal  1  ona  per  minute  per  square  foot  of  buniiug  area  was 
less  than  the  critical  rate  required  for  extinguishment  (Fig,  29), 

As  indicated  in  Thble  V,  foam  producing  appliances 
should  display  a  minimum  foam  yield  of  50  percent. 

b,  ^mility  of  Foam,  The  effect  of  the  quality  of  foam 
is  seen  in  part  by  close  examination  of  Figs,  29  and  30,  The  abscls 
sas  of  the  points  in  Fig.  29  differ  from  those  in  Fig,  30  by  the  ex¬ 
pansion  fiictor  of  the  foam  (column  9,  Table  V),  The  plotted  experi¬ 
mental  data  in  Fig.  30  is  grouped  closer  to  the  apparent  function 
than  in  Fig.  29.  This  indicates  that  the  critical  quality  of  the 
foam  in  the  expansion  range  of  6  to  9  ^>•7  te  best  taken  as  the  wa¬ 
ter  content j  that  la,  the  heat  dissipation  ability  of  the  foam  is 
directly  proportional  to  the  water  content  of  the  foam  peer  unit 
volume. 

Since  the  expansion  range  did  not  vary  appreciably 
from  nozzle  to  nozzle,  the  effect  of  the  foam  expansion  was  not  of 
immediate  concern  in  tills  study.  The  stability  (drainage  rates) 
did  not  vary  appreciably  with  the  nozzle  type  of  pressure  in  the 
items  tested,  so  that  the  effect  of  this  foam  quality  cannot  be  de¬ 
rived  in  thi*  study.  The  expansion  range  and  drainage  rates  as 
recorded  in  this  study  must  be  accepted  as  fixed  in  order  to  eval¬ 
uate  such  variables  as  water  content  of  foam  applied  per  unit  area, 
extinguishment  time,  and  pattern  characteristics. 


EXTINGUISHMENT  TIME  IN  SECONDS  (Column  5) 


■9 
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c.  Rate  of  Application,  Fig.  29  and  30  also  indicate 
that  extinguishnieiit  -kime  is  approximately  inversely  proportional  to 
the  specific  application  rate.  As  previously  stated  (par,  l4h),  the 
■water  content  of  the  foam  was  selected  as  the  criterion,  of  its 
quality.  Close  examination  of  Fig.  29  indicates  that  .4  gpm  per 
square  foot  of  turning  surface  is  the  critical  rate  of  foam  appli¬ 
cation  required  to  obtain  extinguishment .  Can"trol  "was  assured  when 
■the  rate  was  increased  to  .5  gpm  per  square  foot  and  this  figure 
includes  only  a  very  small  factor  of  safety  necessary  for  adverse 
conditions.  It  may,  therefore,  he  s^tated  that  ,5  gpni  per  square 
foot  constitute  the  minimum  application  rate  for  proper  control. 

This  value  may  he  used  to  estimate  flow  ra^bes  required  for  individ¬ 
ual  appliances  for  crash  fire  fighting. 

The  more  efficient  the  nozzle  is  as  a  foeua  producer, 
the  less  ■water  it  uses.  From  this,  and  from  an  observation  of  Fig, 
30,  it  appecLPs  that  the  critical  ■water  rate  is  .06  gpm  per  square 
foot  of  burning  area,  and  that  a  minimum  rate  of  .08  gpm  per  square 
foot  is  desirable.  The  function  presented  in  Pig.  30  should  be  of 
value  in  ascer-talnlng  equipment  needs  for  crash  fire  fighting 
apparatus , 


Fig,  30  also  reveals  that  extinguishment  time  is  a 
function  of  -the  product  of  foam  yield  and  rate  of  water  flow  to  the 
fog  foam  nozzle . 

d.  Quantity  of  Foam.  The  net  foam  application  rate 
based  on  ■water  content  (gpm  per'  square  foot)  was  compared  -with  the 
quantity  of  foam  requln^  to  extinguish  thie  fire  (also  beused  on 
water  con^tent  in  gallons  per  square  foot).  While  ■the  experimen'tal 
data  showed  no  apparent  correlation,  the  data  calculated  from  the 
curve  of  Pig.  30  showed  ■that  less  foam  -was  necessary  for  extinguish¬ 
ment  at  high  application  rates.  An  Increased  rate  of  application 
■will  reduce  ■the  time  required  to  extinguish  the  fire  more  'than  it 
will  reduce  the  to^tal  amount  of  foam  needed. 

15 o  Summary  of  Test  Plndlngs.  A  number  of  significant  find¬ 
ings  were  derived  as  a  result  of  the  tests,  each  of  which  beeirs  on 
-the  effectiveness  of  the  nozzles  tested  emd  the  quality  of  the  foam 
produced. 


a.  The  foam  yield  percent  is  generally  hipest  in  -the 
nozzle  pressure  range  between  200  and  300  psi. 

b.  The  total  output  of  foam  from  the  various  nozzles 
increases  -with  pressure, 

c.  For  a  given  nozzle,  the  width  (minor  axis)  of  the 
foam  pattern  Increases  only  slightly  -with  an  Increase  in  discharge 
pressure,  whereas  -the  leng^th  (major  axis)  Increases  appreciably. 


do  The  specific  application  rate  of  foam  vas  critical 
frcm  the  standpoint  of  fire  extinguishment,  A  critical  rate,  based 
on  the  vater  content  of  the  actml  foam  produced,  was  .06  gpm  of 
water  per  s<iuare  foot  of  burning  area. 

e.  The  extinguishment  time  in  seconds  proved  to  be 
essentially  inversely  propcsrtlcaaal  to  the  foam  application  rate  in 
gallons  per  minute  per  square  foot  of  critical  rate  (per,  d). 

f .  The  quantity  of  foam  per  unit  ai’ea  required  for  ex¬ 
tinguishment  tends  to  decrease  as  the  application  rate  increases, 

16,  Optiimi-m  Kozzle  Design,  Three  major  categories  of  nozzles 
were  tested!  'fbam!,  water  fog,  and  fog  foam.  As  indicated  by  the 
results  of  these  studies,  standard  foam  nozzles  produced  the  highest 
foam  yields  because  each  was  designed  to  entrain  air  into  the  foam 
solution  before  it  was  discharged  into  the  air.  This  resulted  in 
more  of  the  foam  solution  being  converted  into  the  active  extinguish¬ 
ing  agent  foam.  However,  no  standard  foam  nozzle  could  be  adopted 
satisfactorily  for  use  as  a  straight  stream  nozzle  or  as  a  water  fog 
nozzle . 

The  water  fog  nozzles  (par,  7)  were  designed  to  produce  a 
fine  water  mist  at  pressures  of  100  psl  and  above.  Air  is  not  en¬ 
trained  into  the  water  stream,  which  is  necessary  if  a  high  foam 
yield  is  to  be  expected.  The  overall  performance  of  these  nozzles 
in  producing  fog  foam  was  unsatisfactory;  their  effectiveness 
varied  widely  from  nozzle  to  nozzle,  the  best  water  fog  nozzles 
generally  producing  the  poorest  fog  foam. 

Only  one  nozzle  in  the  group  tested  was  designed  as  a 
combination  water  fog  and  fog  foam  nozzle,  which  was  designed  as  a 
comiblnation  of  the  two  categories  Just  discussed.  The  entrainment 
of  air  was  effected  by  a  screen  attachment  with  four  slots  at  the 
base.  This  nozzle  produced  the  highest  foam  yields  at  the  optimum 
presstares  of  200  to  300  psi, confirming  the  theory  that  entrainment 
of  air  is  necessary  to  produce  high  foam  yields  with  fog  foam  noz¬ 
zles, 

17.  Standards  of  Nozzle  Performance.  One  of  the  specific  ob¬ 
jectives  of  this  investigation  was  to  (develop  standards  of  perform¬ 
ance  for  fog  foam  nozzles  so  that  they  could,  be  evaluated  quickly 
and  without  the  necessity  of  employing  expensive  fire  tests.  While 
the  absolute  values  derived  cn  the  basis  of  the  tests  conducted  are 
admittedly  somewhat  arhitrary,  it  was  found  that  nozzles  having  the 
following  characteristics  afforded  sufficient  protection  for  person¬ 
nel  and  equipment  to  attack  and  extinguish  the  types  of  fires  con¬ 
ducted  in  this  investigation,  A  diagram  illustrating  these 
characteristics  is  shown  in  Fig,  31. 
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a.  !Purret -mounted  Nozzles.  Standards  of  performance 
for  turret mnountei'  fog‘  foam  hozziea”are: 

(1)  Angle  of  dispersion  of  the  fog  foam  pattern 
should  he  not  less  than  30  nor  more  than  4o  degrees, 

(2)  Maximum  working  nozzle  pressure  should  range 
between  200  and  300  psl, 

(3)  When  the  nozzle  produces  fog  foam  at  rated 
pressure  and  water  delivery,  and  is  located  parallel  to,  and 
12  feet  above,  ground  level  in  still  air,  8o  percent  of  the 
foam  should  fhl3  at  a  distance  greater  than  12  feet,  measured 
from  a  point  on  the  grovind  determined  by  a  vertical  line  from 
the  tip  of  the  nozzle  to  the  ground. 

(4)  Pattern  size  under  the  conditions  stated  in  (3), 
should  be  'totween  the  following  limits: 

(a)  Minor  axis  not  less  than  l4  feet. 

(b)  Major  axis  not  less  than  30  feet. 

For  lower  delivery  rates,  tlie  major  axis  should  be  fore¬ 
shortened  in  proportion  to  the  reduction  in  the  delivery  rate. 

(5)  Foam  yield  should  be  50  percent  or  over, 

(6)  Average  expansion  fhctor  should  not  exceed  9. 

(7)  Drainage  rate  should  be  less  than  l8  cc  per 
minute  during  the  period  from  the  first  to  fourth  minute  after 
the  sample  is  obtained. 

b.  Hand  and  Bumper -mounted  Nozzles.  Standards  for  hand 
and  bujQier •mounted  nozzles  are  identical  with  those  in  subpar.  a 
(subpar.  a(3)  and  a(l»-)  do  not  apply)  with  the  following  limitations: 

(1)  Wfeiter  delivery  rate  should  range  between  25  and 

30  gpm. 

(2)  The  maximum  working  nozzle  pressure  should  not 
exceed  250  psl  for  band  Uzies  (one  fire  fighter)  and  300  psi 
for  busq^er-mounted  nozzles. 

l8.  ^o:p<»ed  Test  Procedure.  In  order  to  ascertain  the  ccai- 
formance  at  a  nozzle  ^o  ^the  stani3ards  established,  several  screening 
test  procedures  were  considered  prior  to  the  adoption  of  that  set  up 
in  par.  9b.  The  latter  test  proved  to  be  a  satlsfectory  means  of 


detendnliig  the  pattern,  foam  ylelde,  eind  general  hydraulic 
oharacterlstlcB  of  the  nozzles,  as  vas  deioonstrated  by  the  excel¬ 
lent  correlation  of  the  screening  test  and  fire  test  results.  Test¬ 
ing  the  nozzles  In  accordance  vlth  the  screening  tests  (par.  9) 
facilitates  and  expedites  the  nozzle  evaluation  by  the  eUnlnatlon 
of  costly  fire  tests. 

19.  Conalderatlona  for  Future  Investigation.  During  the 

course  of  iiils  Investigaiilan,  a  generate^-foaia  system  (in  which  the 
foam  liquid,  water,  and  air  are  mixed  In  predetermined  proportions) 
was  evaluated  under  another  project  on  a  700-gallon  pool  fire  In  a 
square  pit  measuring  50  by  50  feet.  The  system  employed  a  Bale  foam 
generator  with  a  rated  capacity  of  2000  gpm  of  foam  at  a  predetennlned 
lt-:l  expansion.  Both  the  quality  of  foam  and  the  control  time  required 
appeared  to  be  somewhat  more  favorable  than  that  obtained  using  fog 
foam  nozzles.  With  the  generated  foam  system  mentioned,  a  smooth -base 
1  nozzle  was  used  at  a  distance  of  approximately  120  feet 

from  the  edge  of  the  burning  pit.  The  foam  stream  was  played  approxl- 
mately  on  the  center  of  the  pool  to  build  up  a  fast  spreading  blanket. 
By  this  method^  the  fire  could  be  controlled  from  a  greater  distance , 
affording  Increased  protection  to  personnel  and  equipment.  Studies  to 
compare  the  merits  of  a  generated  foam  system,  usliig  a  predetermined 
blowup,  with  those  of  fog  foam  application,  wairants  further  Investlga.- 

tlCKL. 

Since  the  testa  have  Indicated  that  the  rate  of  foam 
application  Is  a  major  factor  In  time  of  extinguishment,  the  use  of 
higher  delivery  rates  at  nozzle  pressures  remging  from  200  to  300 
psi  should  be  InvestigEited,  It  is  possible  that  more  efficient 
equipment  would  result  from  such  a  study. 

IT.  OOHCIDSIOHS 

20,  Conclusions.  It  Is  concluded  that: 

a.  The  fire  extinguishing  effectiveness  of  fog  foam 
nozzles  Is  Indicated  by  the  following  standards: 

(1)  Foam  yield  percent, 

(2)  Bate  of  application, 

(3)  Whter  content  of  foam  (6  to  9  expansion)  output 

In  gallons  per  minute. 

b.  The  test  procedure  set  forth  in  the  screening  teats 
(par.  18)  la  a  satisfactory  means  of  evaluating  the  fire  fighting 
effectiveness  of  fog  foam  nozzles , 
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c.  On  the  haeis  of  the  foam  used  and  the  nozzles  em¬ 
ployed,  the  most  effective  nozzle  pressure  was  hetween  200  and  500 
pal. 

d.  The  aspirating  type  nozzles  produced  higher  foam 
yields  than  the  non-aaplratlng  type. 


V.  REC0^ffflNEATI0N 

21.  Recommendation.  It  Is  recommended  that  the  standards  of 
pez*formance  and  the  teat  procedures  presented  In  this  report  In 
pars.  17  and  I8,  respectively,  he  adopted  hy  the  Department  of 
National  Defense  for  use  in  the  design  of  fog  foam  nozzles  and  In 
their  evaluation  for  fire  fighting. 


Submitted  hy: 


R.  C.  NAVARIN 
Project  Engineer 
Eire  Apparatus  Section 


Forwarded  hy: 


E.  D.  TRB^SER 

Chief,  Petroleum  Distribution  Branch 


Approved  2  April  1950  by: 
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APPEHPg  lA 

UST  OF  CALCDIAHOMS 
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UST  OF  CALCDIATIOBB 


Calculations  used  in  tlie  fog  foeim  study: 

(1)  Wiater  used  per  run: 

gallons  vater  •  (gpm.  rotometer  reading )x( test  time) 

(2)  Foam  liquor  used  per  run: 

gallona  foam  Uquor  »  (inches  of  drum  level  change )z 
(drum  factor) 

(3)  Foam  expansion: 

Ex;pansion  «  liK)0  cc's  resultant  so.lutlon,  in  standard 
pan  (cc's).  See  Part  (l).  Appendix  D. 

(4)  Theoretical  foam  volume  produced  per  run: 

gallons  foam  volume  *  (gallons  vater  -f  gallons  foam 
llquld)x(average  expansion) 

(5)  Actual  foam  volume  produced  per  run: 

mllons  foam  volume  •  (area  of  foam  pattern,  sq  ft)x 
(ave.  depth  of  foam  in  palls,  ft)x(7o48) 

The  area  of  the  foam  pattern  vas  obtained  by  mechanical¬ 
ly  integrating  the  pattern  area  as  recorded  on  the  data 
sheet.  It  can  be  seen  that  the  "end  effect"  of  the  pat¬ 
tern  is  igncxred  by  this  method  of  calculating  foam 
volume j  however,  the  error  is  veil,  within  the  general 
precision  of  the  determination,  i.e,,  the  precision  of 
recorded  pattern  area, 

(6)  Foam  yield  per  run: 

actual  volume  foam _ i.e.,  (^) 

foam  yield  »  theoretical  volume  foam  (V) 

(7)  Foam  drainage  rate: 

cc's  drained  from  l^fOO  co  pan,  .1st  to 

drainage  rate  "  _ end  of  4th  minute 

3  Cnd  nutesTJ 

In  standard  pan,  see  Part  (2),  Appendix  D.  Charts  for  procedures 
(2)  and  (3)  were  prepared  for  use  by  teat  personnel  in  performing 
the  calculatlcsQS  during  the  test.  Procedures  (4),  (5),  (6),  and 
(7)  were  not  calculated  at  the  time  of  the  teat. 
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appendix  IB 

FOAM  TEST  PROCEDORE 


litCii 


diameter  pan  eis'  deacri'bed  In  feepcgt  !Foam  Standard! zatl on  MetL, 
by  the  Naval  Research  laboratory,  is  used  In  tills'  cLetermlnatlbn„ 
The  volune  of  this  pan  is  essentially  l400  cc’s. 


A  repr*esentatlve  foam  sample  Is  taken  from  the  foam 
blanket  In  the  pan  as  described  iji  the  repor't,  and  the  excess  foam 
Is  scraped  from  the  top  of  the  pan.  One  half  cubic  centimeter  of 
octyl  alcohol  is  added,  and  the  contents  are  carefully  stirred  un¬ 
til  the  llq.uld-al.r  dispersion  is  broken  down.  The  pinch  clamp  on 
the  drain  spout  is  then  removed  and  the  solution  is  drained  into  a 
cylinder  graduated  in  cubic  centimeters.  The  volume  of  liquid  is 
3read,  and  the  expansion  Is  given  by: 

E  -  1^00 

oc's  1.1  quid 


The  test  set  up  la  shown  In  Fig.  13. 

(2)  Drainage  Bate  Determination,  !Hie  apparatus  as  described 
above  with  the  addition  of  a  stop  watch  is  used  in  this  determina¬ 
tion. 


A  san5)le  Is  obtained  as  in  the  procedure,  pre'vlously  men- 
tlcaaed,  and  at  the  Instant  of  obtaining  the  sample,  the  stop  watch 
is  started.  The  pan,  is  placed  on  the  drainage  rack  with  a  6,5  per¬ 
cent  sloping  top  as  soon  as  possible  and  the  drain  is  opened,  per¬ 
mitting  the  separated  solution,  to  be  col.lected  in  a  graduated  cylin¬ 
der.  Readings  of  the  cubic  centimeters  of  .U.qu!.d  coHdoted  are  made 
each  1-5  secands  until  4  minutes  have  elapsed.  At  the  end  of  the  4 
mJ.nutes  lapsed  time,  the  I'emalaing  dispersion  is  broken  down  by  a 
few  drops  of  octyl  alcohol.  The  resultant  solution  is  drained  into 
that  collected  In  the  first  4  ml.nutes,  so  that  the  total  voliune  of 
the  solution  Is  read,  and  the  expansion  of  the  original  samp.le  is 
determl.ned  by  the  formula  presented  in  (l) . 

In  these  testa  after  4  minutes  had  elapsed,  it  was  noted 
that  the  drainage  rate  decreased,  and  the  time  required  for  one 
quarter  drainage  (index  as  proposed  in  Rejport  on  Foam  Standary. za- 
tion  Ifethods)  occur.rod  wlthi.n  thl.s  4-mJ.n'uti0  peribii.  In  most  In- 
stances,  the  first  readj.ng  was  at  45  seconds  or  one  mlnutp  lapsed 
time,  so  that  the  drainage  rate  is  taken  as  the  cubic  centimeters 
collected  from,  the  1st  minute  to  the  end  of  the  4th  minute  lapsed 
time  divided  by  3o  In  this  study  the  drainage  rate  is  used  as  a 
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criterion  of  foeim  atability.  If  it  is  desired  to  estimate  the  time 
for  one  quarter  drainage,  as  used  by  the  NRL,  the  following  formula 
may  be  used: 

q,  =  1400 

<1  "  Tbe 

T  ■  time  for  quarter  drainage 

R  =  drainage  i-ate  as  described  here 

E  =  foam  expansion  as  described  here 

The  deviations  from  the  basic  procedure  as  outlined  by 
the  NHL  were  made  in  order  to  adapt  the  testa  to  field  determination 
which  can  be  accomplished  readily  by  other  than  technical  personnel« 
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APPENDIX  IC 


SAMPLE  DATA  SET 

Evaluation  of  ^-inch,  internal  Impinging  Jet 
with  screen  from  100-  to  500-psl  nozzle  pressure 
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Project  No.  8-76-01-001  (9) 

Date  £1  JUNE  1949 

Humidity _ 7bVo _ 

Temp,  during  te8t_  dS  ~ 
Weather  .SONNY,  CLgAK 
Teat  area  60 '  i  100 ' 

Stakes  10'  apart 


FOG  FOAM  SlltDIfiS  DATA  S“EET 

Run  No.  16 _ 

Nozzle  INTERNAL  IM^INsiwe 
Jgr  WITH  3C.REEN 


Procedure : 
Premix 


F 

» 


D 

« 


B 


A 

♦  10 


*  a 


/  *  1  * 

I  .25  c  \ 


*  6 


I  « 

/  .asd 


\  * 
\  .25 


I 

y  *  * 

\  FOAM  6t.ANKeT 

■'?  <§>  f  s'-sS" 

\ 

*  * 

.25  \ 


*  1* 


»  3 


*  ? 


*  1 


Data  Sheet  Recorder  ALL&N 


Metered  flow  ✓ _ 

Pressure : 

a.  Proport  loner  90  pal 

b.  Nozzles  lOO _ ^psl 

c.  Proport  loner  used  i20 
Rotometer  LOW  RANOE 

Water  flow _ 1 50  gpm 

Time  of  run  min  30  sec 
Tot.  water  used  7 S  gal 
Tot.  liquid  used  £.75  gal 
5tFoam  solution  .^.67  _ 

Blowup  at  points  below: 

a.  '0.30 

b.  1.65 . . 

c. 

d.  — aroB - 


Ave. 


Stability 

a.  _ 

b.  _ 

0. _ 

d. 


s.y  '  — 

Mln/?5^  drain 


Are, 


%  Solution 

a.  _ 

b.  _ 

c. 


Area 

Pattern  380 

-^2 

k 

Blanket  9SS 

_Ft^ 

Ave.  Foam  Depth 

Pattern  .068  Pb. 

Blanket  .025  Ft. 

Tot.  Foam 

Ft^ 

J 

Vol.  Pattern  VP  26 

Vol.  Blanket  VB  24 

Ft^ 

V.E.  =  89 

Ft5 

VF  *  tot.  Tol.  water  plus 
foam  liquor  times  aye. 
blowup 

Eff.  •  VP  »  26  »  29.2% 

VE  89 

Key 

*  -  Stake 

X  -  Bucket  (50  x  3 '55") 
50co'8  drainage  -  X  bucket 
-  5 '55"  time  after  end  of 
foam  application 
Wind  Direction 


Velocity 


5.5 


mph 


FOAM  AMLKIS 


Project:  8-76-OI-OOI  (9) 
Run  No.;  I6 


By;  C.  Korzendorfer 


Date 

:  25  June  1949 

Drainage 

Blow  up 

Location; 

4-D 

*  2-D 

6-E  5-E 

Time 

Time 

CC'a  Time 

CC'a 

(aec) 

CC'a 

(aec) 

10 

45 

22 

45 

l4 

60 

30 

60 

IT 

75 

34 

75 

20 

90 

38 

90 

24 

105 

43 

105 

30 

120 

48 

120 

3^ 

135 

55 

135 

39 

150 

61 

150 

42 

105 

65 

■T65 

45 

180 

68 

180 

195 

72 

195 

51 

210 

75 

210 

54 

235 

78 

235 

56 

240 

81 

24o 

Total 

136 

Total 

178 

Total  152  174 

Exp. 

10.30 

Exp. 

7.85 

Exp.  9.20  9.05 

Drainage  Rate 
l4.0 


Drainage  Rate 
16.7 
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Frojeot  lio.  8-76-01-001  (9) 

ai 

Humidity  7<*7« 

Trap,  during  test  65 *1= 
Wrathar  5unny.  CLeA^ 

T#et  arra  6o'  x  100' 

Statea  10*  apart 

G  y  K  D 

*  #  *  * 


FOG  FOAM  STUDIES  DATA  SHEET 
Bun  Mo.  t7 

Mozcla  2V>"lMTeiWAL  IMPINGING 
JET  WITH  SCWBEN 


C  B  A 

*  *  *  10 


Procedure : 
Premli 


Metered  flow  ✓ 

Pressure : 

a.  Prouort loner  90 

_pol 

b.  Mozzles  200 

pel 

c.  Proportloner  usedaso 
Potometer  HIOH  RANGE 

Water  flow  1 0  O 

_gpm 

Time  of  runOmln  30 
Tot.  water  used  95 

sec 

“gel 

Tot.  llauld  used  7. 5 

^1 

0'oaa  aolutlon  7.9 

Blowup  at  points  below; 

a.  5.30 _ 

b.  6.10 

0.  5.10 _ _ 

d.  fe.ao 
Ave.S.a 

Stability  -  Mln/255t  drain 

a.  _ 

b. _ _ 

c.  _ _ _ 

d.  _ _ _ 

Kto  .  _ _ _ 

^  Solution 

a.  _ _ 

b.  _ 

0. _ _ 

Area  o 

Pattern  405 _ Ft 

Blanket  645  "Ft*^ 

Ave.  Foam  Depth 
Pattern  -*13  Pt. 

Blanket  .059  Ft, _ 

Tot.  Foam 

Vol.  Pattern  VP  46.0  Ft^ 
Vol.  Blanket  VB  39.0  Ft^ 
V.E.  »  73.5  Ft^ 

VE  •  tot.  Tol.  water  plus 
foam  liquor  times  aye. 
blowup 

Eff.  ■  VP  ■  46  ■  bZ.Oj, 

VE  73.5 
Key 

«  -  Stake 

I  -  Bucket  (50  X  5*55") 
50cc's  drainage  -  I  bucket 
-  5 ’55"  time  after  end  of 
foam  application 
Wind  Direction 


*  8 


*  6 


*  5 


*  k 


*  5 


*  2 


*  1 


♦  0 


Data  Sheet  Beocarder  J.  Alien 


Velocity 


1.0 


iq>b 


FOAM  AMUSIS 


Project;  8-76-01-001  (9) 

Bun  Bo,;  17 _ 


By:  C.  Korzendorfer 

Date:  21  June  19^9 


Locatloa: 


Drainage 
3-J) 


1»-D 


Blow  up 
3-J)  2-D 


Time 

CC«a 

Time 

CC  'a 

(aec) 

CC'a 

(aec) 

50 

45 

22 

45 

59 

60 

24 

6o 

66 

75 

26 

75 

74 

90 

30 

90 

83 


105 


3^ 


105 


94 

120 

39 

120 

101 

i.35 

45 

135 

108 

150 

51 

150 

114 

165 

ij 

165 

118 

l80 

62 

180 

19!5 

68 

127 

210 

73 

210 

130 

225 

76 

225 

132 

24o 

82 

240 

Total 

265 

Total 

232 

Total 

249  230 

Exp. 

5.30 

Eicp, 

6.10 

Ejcp. 

5o6o  6.20 

Drainage  Bate 

Drainage 

Bate 

2lt,3  19o3 


70  80  90  100  no  120 

UME  IN  CC'S 
dralmge,  run  No.  17. 
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Project  No.  8-76-01-001  (9) 
Date  ZZ  June  1949 

Humidity _ 7  8  _ 

Temp,  during  teat  87*F 
Weather  SUNNY,  CLEAR 
Test  area  60'  x  100' 

Stakes  10'  apart 


FOG  FQW-1  S'illDTES  DATA  SKEET 


18 


Run  Wo. _ 

Wozzle  a'/g"  INTERNAL  IMPIWGINe 

Jet  with  screen 


F 

* 


E 

» 


D 

* 


B 

« 


A 

*  10 


*  9 


*  8 


*  7 


Irooedure : 
Premix 


* 

♦ 

Hozzle 


*  0 


Data  Sheet  Recorder  J .  ALLEN 


Metered  flov  ✓ _ 

Pressure : 

a.  Proport  loner  85  pel 
h.  Nozzles  300  psi 
c.  Proportloner  usedgSO 

Rotometer  High  RamgE _ 

Water  flow  200  _gPffi 
_Bec 
"gal 


Time  of  runomin  30 
Tot,  water  used  IQO 
Tot.  liquid  used  7 
^oam  Bolutlon _ 7 


jgal 


Blowup  at  points  helow: 

a.  S.IO  _ 

■b._ 

c. 

d, ' 


S.40 


_3L2£. 


7.IS 


Ave, 


Stahillty 

a. _ 

h. _ 

c.  _ 

d. 


5.6  _ 

Mln/?5%  drain 


Ave. 


f  Solution 

a. _ 

h. _ 

c. 


Area 

Pattem_ 

Blanket 


485 


«?io 


Ft 

~Ft^ 


Ave.  Foam  Depth 

Pattern  .  0833  Ft. 
Blemket  .o4o5  Pt. 


Tot.  Foam 

Vol.  Pattern  VP  40 
Vol.  Blanket  VB 
V.E.  *  _ 76' 

VE 


37 


_Ft5 

Ft’ 

“Ft5 


tot.  vol.  water  plus 
foam  liquor  times  ave, 
hlowup 

•  VP  »  40  «  53.Zi 

VE  76 


Eff. 

Key 

*  -  Stake 

X  -  Bucket  (50  X  3 '55") 
50cc's  drainage  -  X  bucket 
-  5 '55"  time  after  end  of 
foam  application 
Wind  Direction 


Velocity  3. O 


_mph 


FOAM  ANAL^IS 


Project;  8-76-01-001  (9) 
Run  No. ;  l8 


By:  C.  Korzendorfer 


Location: 


Drainage 


Date;  22  June  19^9 
Blow  Up 


5-D 

6-D 

3-D 

2-D 

CCS 

Time 

CCs 

TLme 

(sec) 

CCs 

Time 

(sec) 

30 

l<-5 

50 

Total  270 


^  240 


)  Total 

5.10  Exp. 


256 

5.^0 


Total 

Exp. 


Drainage  Rate 

23.0 


Drainage  Rate 
20,7 


280  195 

5.15 

^.75  7a5 


TIME  IN  SECONDS 


30  40  5  0  60  70  80  90  100  110  120  130 

VOLUME  IN  CCS 
KLgo  3^,  Foam  drainage,  run  No.  l8. 
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Project  Ifc).  8-76-01-001  (9) 

Date  agJUNK 
Humidity __ 

Temp,  durlm  test  89  “F 
Weather  SUNNY  tTgltAft 
Teat  area  60’  x  100' 

Stakea  10'  apart 


FOG  FOAM  STUDIES  DATA  SHEET 
Run  No.  19 

No^^le  INTERNAL  IMPIWaiMft 

jrr  wjtH  sctftfrH 


G 

« 


F 

« 


D 

« 


B 


A 

*  10 


— *■« 
4S 


*  8 


N. 


Procedure : 
Fremlx 


Metered  flow  V' 
Pressure ;  — — — 

a.  Proport  loner  80  pel 


b.  Nozzles  400 

pel 

c.  Proportlonsr  used  25D 
Rotameter  HI8H  RAN8E 

Water  flow  230 

_i8Pa 

Time  of  run  min  30 

sec 

Tot,  water  used  ||0 

gal 

Tot,  liquid  used  7 

_JSal 

%Foam  solution  6*4 

Blowup  at  points  helov: 

a.  5.05 _ 

h., 

c. ' 

d. ' 


7.fe 

8.65 


Ave .  6.2 

Stability  -  Mln/P5^t  drain 

a. 

h. 

c. 

d. 


Are. 


%  Solution 


a. 

b. ‘ 

c. ' 


Area 
Pattern 
Blanket 
Ave 


730 


II  SO 


Ft‘ 

“Ft^ 


Foam  Depth 

Pattem____iOWS^T^ 
BliUiket 


.045 


Tot.  Foam 
Vol.  Pattern  VP 
Vol.  Blanket  VB” 
V.E.  •  SI  ■ 


47 


"Pt5 


VE  ■  tot.  vol.  water  plua 
foam  liquor  times  ave. 
blowup 

Eff.  .  VP  .  47  ■  5l.t  i 

VE  9i 

Key 

*  -  Stake 

X  -  Bucket  (50  x  3 ’55") 
50oc'8  drainage  -  X  bucket 
-  3'55"  time  after  end  of 
foam  application 
Wind  Direction 


Data  Sheet  Recorder 


J.  AUUCN 


Velocity 


2.5 


_mph 


FOAM  ANALYSIS 


TT 

Project:  8-76-Oi-OOl  (9) 


By:  C,  K0rzend.arfer 

Bim  Ko, :  .19 

Date: 

22  June  1949 

Drainage 

Blow  Up 

Location: 

5mD 

6-D 

6-D  3-D 

mrai 

CC  *0  Time 

CG  *8 

(sec) 

CC‘3 

(sec) 

55 

45 

25 

45 

64 

60 

32 

60 

70 

75.  . 

49 

75 

73 

90 

53 

90 

75 

105 

55 

105 

120 

58 

120 

81. 

.135 

62 

86 

150 

66 

150 

IHOaS^HIHIII 

72 

.165 

.9^.  .. 

180 

77 

180 

95 

82 

195 

98 

21.0 

96 

21.0 

.102 

225 

97 

225 

106 

24o 

100 

240 

Total 

280 

TotevJ. 

247 

TotaiL 

183  237 

Ssp. 

5.05 

Esp. 

5.65 

Exp. 

7.50  6.85 

Drainage  Bate 
lif.O 


Drainage  Bate 

22.7 


Project  No.  8-76-01-001  (9) 
Date  ggJUNC  1949 
Humidity'  78  % 

Temp,  during  test  89"F 
Weather  SUNNY.CLCAR. 
Test  area  60'  x  100' 

Stakes  10'  apart 


FOG  FOAM  STUDIES  DATA  SHEET 
Run  No.  £0 

Nozzle  2  Vp •'internal  IMPINGING 
jet  WITH  SCRFEN 


/".Is 


Procedure : 

pr eml x _ 

Metered  flov  ~  V"  ~  ~ 
Pressure; 

a .  Proport  loner  7S  ps  I 
h.  Nozzles  500  pel 
0.  Proportloner  used  250 
Rotoneter  HI6HRAN&E 
Water  flov  g5fe  gpm 

Time  of  runo  min  30  sec 
Tot.  water  used  125  ■_g^l 
Tot.  liquid  used  7.5  gal 
^oam  solution  fe.| _ 

Blowup  at  points  helow* 

a.  5.20 _ 

5-90 _ 

c.  5-90 _ 

_ 

Ave. _  5-5 _ 

StabllTty~^^~Mln7?5ir'draTn 


\  f 


FOAM  eLAWKET 


i>  Solution 


. 

* 

®ci  1 

4-^ 

)An  PATT 

\ 

•2S 

.75  f 

V 

fc 

\ 

1 

1  ^ 

b 

in 

40 

'  \ 
\  \ 
\ 

*  \ 

\ 

.50 

g 

oC 

•it 

f 

.5 

* 

a. 

< 

\ 

* 

\ 

* 

* 

_  APPR0H.I5'-0'L 

* 

Wozzle 


Data  Sheet  Recorder  J.  ALLEN 


Area  P 

Pattern  835 _ Ft^ 

Blanket  1220 _ Ft^ 

Ave.  Foam  Depth 

Pattern  .053  FT 

Blanket  037  FT 

Tot.  Foam 

Vol.  Pattern  VP  4-5  Ft^ 
Vol.  Blanket  VB  4-5  Ft^ 
V.E.  =  124- _ Ft5 

VE  s  tot.  vol.  water  plus 
foam  liquor  times  ave. 
blowup 

Eff.  -  VP*  45  *  36,3  If, 

VE .  )24 

Key 

*  -  Stake 

X  -  Bucket  (50  I  5 ’55") 
50oo'8  drainage  -  X  bucket 
-  3 '55"  time  after  end  of 
foam  application 
Wind  Direction 


Velocity _ 


FOAM  ANALYSIS 


Project;  8-76-01-001  (9) 
Run  No.;  20  _ 


By:  C.  Korzendorfer 


Date; 

22  June  1949 

Drainage 

Blow  up 

Location; 

5-E 

6-E 

3-E  4-E 

Ti:rn 

Time 

CC  'a  Time 

GO'S 

(sec) 

CC'a 

(sec) 

26 

45 

20 

45 

29 

60 

25 

60 

31 

75 

28 

75 

33 

90 

30 

90 

35 

105 

32 

105 

39 

220 

36 

120 

|||||rK|H|||n| 

135 

48 

150 

44 

150 

52 

IS5 

185 

57 

180 

51 

180 

83 

55 

195 

67 

210 

58 

210 

74 

“”l35 

83 

79 

240 

67 

24o 

Total 

278 

Total 

240 

Total  24o  281 

Exp.  5.20  Exp.  5.90  Exp. 


Drainage  Rate 
i6.7 


Drainage  Rate 

llf.O 


5.90  4.90 


83 


APPENDIX  ID 


WATER  FOG  DISCHARGE  PATPERIJS 
AT  DISCHARGE  PRESSURES  RANGING 
FRCM  100  PSIG  TO  500  PSIG 

Page 


Fig.  4o,  Water  Fog  Patterns  obtained  at  100  to  500  psig  85 

(nozzle  Noa,  1  &  2) 

Fig,  ij-lo  Water  Fog  Patte:rna  obtained  at  100  to  500  psig  86 

(nozzle  Noa.  4a  8s  46) 

Fig.  42.  Water  Fog  Patterns  obtained  at  100  to  400  psig  87 

(nozzle  Noa.  5a  &  6a) 

Fig.  43.  Wiater  Fog  Patterns  obtained  at  100  to  500  psig  88 

(nozzle  Noa,  8  8c  9a) 

Fig.  44.  Water  Fog  Patterns  at  yarious  pressures  89 


85 


86 


Noisl*  4a  at  400  pal 


184>3-427  Nosala  4b  at  «00  pal 


184>3-399 


Fig.  38.  Water  Fog  Patterns  ottalned  at  100  to  500  paig.  Left;  Nozzle  ila 
vlth  tip  A  and  screen.  Eight;  Nozzle  4b, 


8T 


Noixle  5a  at  300  pai  184-3-436  Noatla  6a  at  300  pai  184-3-445 


Noaala  5a  at  400  pai  184-3-438  Noaile  6a  at  400  pai  184-3-433 


Fig.  39.  Water  Fog  Patterns  obtained  at  100  to  400  pslg.  Left; 
Nozzle  No,  5a.  Right;  Nozzle  No.  6a, 


86 


Nasile  8  at  100  pal  184-3-4S8 


Neaala  8  at  200  pal  184-3*4S9 


Netila  8  at  300  pal  184* 3-400 


Notila  8  at  400  pal  184-3-401 


Noaala  8  at  500  pal  184-3-403 


Poaala  9  at  100  pal  184-3-383 


Moaala  9  at  200  pal  184-3-384 


Noaala  9a  at  300  pal  184-3-385 


Nopala  9a  at  400  pal  184-3-305 


Fig.  40.  Water  Fog  Patterns  obtained  at  100  to  500  palg.  Left;  Nozzle 
No,  2,  Eight;  Nozzle  No.  9a. 


89 


Noiil*  13  at  200  pal  184>3-339  Notfla  19  at  200  pal  19S-3-19 


Naasla  II  at  400  pal  184>3-33S 


Neaala  13  at  SOO  pal  184-3-337 


Fig,  4l.  Water  Fog  Patterns  at  various  pressures.  Left:  Nozzle 
No,  13.  Right:  Nozzle  No,  19  (vertical  Pattern) 
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APPENDIX  IE 


FOG  FOAM  SCREENING  TESTS 


Fig.  45. 

Fog  Foam  Screening 

testa , 

(Nozzle  Nos.  1  &  2) 

93 

Fig.  46. 

Fog  Foam  Screening 

teats. 

(Nozzle  Nos.  3  &  Ua) 

94 

Fig,  47. 

Fog  Foam  Screening 

teats. 

(Nozzle  Nos.  &  4t) 

95 

Fig.  48. 

Fog  Foam  Screening 

teats. 

(Nozzle  Nos.  5a  &  5t>) 

96 

Fig.  49. 

Fog  Foam  Screening 

tests. 

(Nozzle  Nos.  13  &  19) 

97 

Fig.  50. 

Fog  Foam  Screening 

tests. 

(Nozzle  Nos.  l4  &  20) 

98 

95 


N«>sl«  1  Run  1  at  100  pal  184* 3*532  Noaala  3  Run  6  at  100  pii  184-3*519 


Nottla  1  Run  5  at  500  psi  184*3*353  Noxile  2  Run  10  at  500  pal  184-3*271 


Fig.  ^2,  Fog  Foam  Screening  testa.  Nozzle  Nos,  1  &  2  at  condi¬ 
tions  noted. 


Nosil*  3  Run  13  at  300  aal  184*3>S9S  Nosile  Ila  Run  93  at  300  pal  184-3>T35 


Neaale  3  Run  15  at  500  pal  184-3-305  Notale  11a  Run  95  at  500  pti  184-3-845 


Kg,  43.  Fog  Foam  Screening  tests.  Wozzle  Nos.  3  &  11a 


Jig.  J'og  Foam  Screening  testa »  Nozzle  Nos. 


Naa>la  Sa  Kan  40  at  SOO  pai  184-3>S00  Notala  5b  Rub  45  at  500  pal  184>3>505 


Fig.  45.  Fog  Foam  Screening  tests.  Nozzle  Noa.  5a  &  513 


98 


Fig,  47,  Fog  foam  screening  teats.  Left:  Nozzle  No.  l^l-  at  ttw-tI Tmi-m 
presaxnr'e  obtainable  with  teat  apparatus,  approximately  220  pal.  Right; 
Nozzle  No,  20  at  maximum  pressure,  approximately  4o  pal. 


t 
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APPENDIX  IF 


ACTUAL  FTEE  TESTE 


Fige  51. 
Fig.  52. 
Fig.  53. 

Fig.  5^. 


Pool  Fire  Ebctlngulshment  vlth  Nozzle  No.  4a 

Attempt  extinguish  pool  fire  with  a  Nozzle  No„  I 

Attempt  to  extinguish  pool  fire  showing  effect  of 
application  angle 

Ebctinguishlng  pool  fire  with  various  nozzles 


101 

102 

103 

104 


1 


101 


Fig,  48,  375-gallon  pool  fire  extinguishment  -with  Kozzle  IJo.  4a,  A  -  Industrial  naphtha  ignited 
and  fire  spreading  quickly  over  entire  pool,  B  -  Start  of  fog  foam  application  after  5  seconds 
prehui'n  time.  C  -  Foam  Blanket  heglnnlng  to  take  effect  approximately  30  aecond.3  after  Initial 
application  of  foam,  D  -  60  seconds  after  initial  application,  foam  blanket  spreading  rapidly 
and  extinguishing  remaining  fire  (close  up  view). 


H  Ch 
O  0 


Ch 


P(  ra 
(D  a 


tjD  P*  td  H 
i  ■•HO 


m 


W 

S  g 


tlO 


mable  liquid  spreading  over  limits  of  pool,  and  fire  out  of  control,  D  -  Fire  not  extinn:ul3hed . 
and  spreading  rapidly. 
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Aircraft  Fires  (3) 
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